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PREFACE

Technology has brought us to the point where electronics are

becoming pervasive on all new aircraft. Because these electronics are

both expensive and critical to mission success, it is necessary to look

at the integrity of these electronics if aircraft are to be ready to fly

and fight. Hence, the theme of the 1984 National Aerospace and

Electronics Convention (NAECON) was "Operational Readiness Through

Electronic Integrity". Integrity is an evolution from such presently

used measures as reliability and maintainability to the newer concepts

of durability (lifetime), supportability, availability, quality and

producibility. In the Air Force, all of these are important to the

operational readiness of our aircraft and to the reduction of the cost

of operating and maintaining our aircraft.

Also, the use of avionics is expanding into flight critical systems

onboard our aircraft. Therefore, it is necessary to improve avionics

integrity for flight safety as well as mission accomplishment.

In support of the NAECOi theme, ASD engineering supported a number

of events at IIAECON. A tutorial about the Avionics Integrity Program

was presented on Monday, May 21. Notes from the tutorial were published

as a separate document with NAECON sponsorship and are duplicated at the

end of this report.

A second event concerning avionics integrity was the Tuesday

luncheon speech presented by Lt Gen Thomas H. 1IcMullen. EN Product

Assurance personnel assisted in the preparation of this speech. A

transcript of the speech is included in this report.

Third, the five technical sessions listed below were organized

around the theme of integrity.

. .o. *
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_________



A. Manufacturing Quality and Maintainability

B. Reliability

C. Life Cycle Cost .

D. Avionics Environment

E. Electromagnetic Coapatibility

The papers for these technical sessions are published in the NAECON 1984

proceedings. It should be noted here that the Best Paper Award went to

one of the papers of the Reliability technical session. Mr. Edward

Banas and Mr. Charles Chappell of Sperry Corporation co-authored this

best paper entitled "Integrating Chip Carrier Packaging Technology into

Systems."

Finally, the ASD Integrity Thrusts management session was organized

and presented by the EN Product Assurance Office. This session explored

the following three topics of the management of reliable/supportable

avionic systems.

a. Fatigue failure modes of avionics

b. Electronic piece part quality and environmental stress
screening .

c. The Avionics Integrity Program

The notes and viewgraphs from this management sessions are contained in

this report.

iv

*. . . * ~ * * *.* * * *.* .J...' . .° ....-. .

. .* .*'* *~* **** *** *~** * , -. ~. ~ %* . . . . .•..°



Table Of Contents

Preface i

Table of Contents v

Lt Geni M~cull~en's Tuesday Luncheon Speech I

Management Session Notes 13

Avionics Integrity Program Tutorial Notes 98

ZIoFor

Just t cd'

Dirt vi

SP K1

V



Lt Gen Mcalullen's Tuesday Luncheon Speech

aAs an overview to the ASD Integrity Thrusts management session

notes, the following transcript of a speech presented by Lt Gen Thomas

H. McMullen on 22 May 1984 has been included in this report. This

i speech was presented by Gen McMullen at Tuesday's Luncheon at HAECON

1984.



Remarks to: NAECON 84' Dayton, Ohio, 22 Hay 1984.

Speaker: Lt GOen T. H. McMullen

It's a real pleasure for me to be invited back to this luncheon and to be

given the opportunity to discuss developments in electronics. The theme of

this years NAECON, Operational Readiness Through Electronic Integrity, is not

only timely but it is emerging as perhaps the ksM developmental concern as our

Air Force moves toward the Year 2000. Right off the top I want to straighten

out a misconception. It has been said by some that ASD has always tried to

adhere to the sumo wrestler school of management with regard to electronic

programs. They say our motto is "Throw your weight around but keep your rear

end covered." While I can't pin it down exactly, I have reason to believe

this characterization of ASD was started by an IEEE member. Well, in any case

it's wrong. It's not ASD you're thinking of--it's AFLC.

During lunch I was reflecting a bit on the Chaplin's words -- thinking

about you folks and the vital nature of your work. Those thoughts conjured up

the story of a retired, former IEEE member who was reclining under a tree. A

passerby (I believe he Was a particularly observant engineer) shouted, "Your

house is on fire." "I know it," the old timer said. The engineer said, "Why

don't you do something about it?" The ex-IEEE member said, "Doing something

now -- I've been prayin for rain since the fire started." Now, I have no

doubt prayer helps, but you folks know better than anyone else that direct,

innovative and sustained action goes a long way to help those prayers get

answered.

I believe all of us in the business of electronics count as Ogden Nash's

loudest critics when he said, "Progress might have been alright once, but it's

gone on too long." While there are new and exciting things happening

throughout the spectrum of "high tech" development, no single area is moving

forward at the tremendous rate that we see in electronics. Charles Kettering

3
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once said, wThe Wright brothers flew right through the smokescreen of

impossibility.' Today, jM. organization, like the ones you represent, is

finding the way through that same smokescreen. I guess that's why I reel so

comfortable with this group. We share a common bond. For taking the first

tentative steps through any new frontier has always required courage,

foresight, and ingenuity -- characteristics represented in spades by the

people in this room. Other institutions are also going through tremendous

changes. In this respect we share a common bond of experience with several

commercial institutions such as Dayton's NCR Corporation. As many of you are

no doubt aware, the likes of the cash register, business machine, and key

pieces of office equipment have completed a transition from mechanical to

electronic systems within the past decade. It seems only fitting that we are

meeting here In Dayton as NCR is celebrating its 100th anniversary.

While there are a lot of things I'd like to talk about, I have tried to

keep my remarks to a reasonable length as I'm sure you're all anxious to get

on with the day's business.

Our preoccupation with time reminds me. of a story that came out of Poland

during the 1982 riots -- and perhaps typifies some of the logic in a police

state under martial law. Of course, you recall that the government set a

strict curfew holding that all citizens would be off the streets and in their

homes by 6 p.m. or risk being shot. It seems it was 10 minutes to 6:00 when a

* policeman went up to a fellow waiting at a bus stop -- looked him over -

* pulled out his revolver and shot him. Killed him with one shot. Immdiately

a crowd of people circled the policeman asking why he had killed the man. The

* policeman said, 'Hey, I know where this guy lives -- there is no way he could

get home by 6 p.m.' If I do make you run a bit over, I hope the penalties

aren't as severe at an IEEE luncheon.

Ulysses S. Grant told us, 'The art of war is simple enough. Find out
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where your enemy in. Get at him as soon as YOU can. Strike him as hard as

you can and as often as you can, and keep moving on." I like his style -- and

I must admit that not much has changed in war fighting philosophy. What has

changed are the tools at our disposal to do the fighting.

And clearly, none of them have changed over the last 70 years as much as

fighter aircraft and the avionics systems that make them so effective. It

began with men hurling insults and bricks at one another from open cockpits,

and moved to ever faster turning, close-in dog fights. But today, if we do

our work right, two fighter pilots may take each other on without ever

visually seeing one another before they fire their weapons.

The use of electronics on-board aircraft -- avionics -- is nearly as old

as powered flight and certainly its changes have played a key role in the

development of flight. One of the first radio telegraph messages was sent

from a signal corps aircraft to the ground in November 1912. The aircraft,

one o: the twelve in our signal corps, was piloted by a young Lieutenant named

*"Hap" Arnold. Just a few years later, in August of 1917, the first two-way

*radio telephone contact from the air was made by the Army. As in most things

aeronautical, -nur "bicycle shop" at Wright Field has been instrumental in

achieving a number of avionics firsts through the years. The first solo

* flight on instruments was made here in 1932 and the first completely automatic

landing in history was completed here in 1937.

War brought a need for rapid, innovative solutions to numerous

avionics related problems and necessarily spurred many avionics developments.

The British demonstrated an experimental aircraft interception radar in June

of 1939 -- and by the end of September of that same year, 30 systems had been

* installed in British aircraft. Avionics had grown to a point where systems

helped provide the margin of victory during the Battle of Britain. Even then,

however, the safety and survivability of the aircraft in the eer'y years Of

5



aviation did not depend upon the integrity of the avionics as they do today.

In those early years, the avionics constituted only a small fraction of

the gross empty weight of the aircraft. The avionics package on the P-38 and

P-51 weighed less than two percent of the total aircraft's empty weight. The

avionics on the F-86 I flew in Korea was still less than two percent of the

K total. But as our expectations for our aircraft grew so did weight. The F-

106A avionics topped ten percent with its reliance on vacuum tubes in the late

* 1950s. In the 19603 and 1970s, we were able to reverse the weight growth of

Ni avionics. The introduction of solid state electronics in the F-lilA, F-16A,

and the F-18 enabled Us to approach 6 percent of the aircrafts empty weight

with dramatic increases in performance and reliability. For a typical

0 subsystem, performance capability has increased concurrently with a major

* decrease in weight. For example, an early UHF command radio, the ARC-34 built

in 19541 weighed 50 lbs versus 9 lbs for the ARC-1641 introduced in 1975. This

weight reduction was achieved even though the number of operating channels was

doubled and the flying hours between needed repairs increased ten-fold.

* Today's avionics frontiers are characterized by both technology and

complexity. As technological advances enable us to reduce the size and weight

*of an avionics subsystem we continue to add more functions to our list of

*requirement.- for- our- system~s thus adding to the overall complexity of the

challenge. This relationship between technology and complexity can be

illustrated in a quick review of airborne radars. The MG-13 radar on the F-

* 101B used about 7000 parts, 421 of which were vacuum tubes. This radar

averaged about 41.0 flying hours between failures. The APQ-120 radar on the F-

* 4E used nearly 141,000 parts and only 24 of these were vacuum tubes. This

*radar, an example of discrete transistor technology, averaged 7.0 flying hours

- between failures. Today our F-15-C and Dl. APG-63 radar represents the

microcircuit technology of the seventies. It i~s made up of about 19,000

6
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parts, averages 23 flight hours between failures and was a pioneering

application of multilayer printed wiring boards. It represents a giant step

in performance as well as reliability. It's true, we've bad to make some hard

tradeoffs and will doubtless face the same choices in the future, but the

payoff in reliability and effectiveness makes it all worthwhile. In the case

of the APQ-120 it's meant a five-fold increase in life despite a three-fold

increase in complexity.

Some express concern that the complexity of technology will overwhelm our

ability to use it. To me, it's just the opposite. If we do it right, I

believe it is becoming apparent that an important characteristic of technology

* will have to be its simplicity -- simple to fly; simple to fight; simple to

maintain. That is just the combination we are seeking. By way of example,

* nowhere will this characteristic of simplicity be more important than in the

* fighter cockpit of the future. As the sophistication of our fighters has

grown, we have created some marvelous systems to "help" the pilot. But

* there's a lot more to do, because he's doing about as much as he can right

* now.

You know, WI aircraft had 10 to 15 controls and instruments. During

WWII, the P-51 cockpit had about 35. Today, the F-15 has over 300 dials,

bells, buzzers, lights, and switches in the cockpit. Pilots are at the

saturation point. In our rush to help, we have built in lots of 4-!rnarion

to manage during the "breath holding" few seconds of combat, but we need to do

* a lot more to help tomorrow's pilot determine his targets (the good news) and

* his threats (the bad) without pushing a lot of distractions at him. As many

* . of you know we are trying to do something about this problem right now.

Through a number of laboratory programs at A'D, we are blending an array of

technologies, trying to integrated them into a total system. Integration of

.AUl on-board systems is a must if we're to improve the pilot's ability to



manage his systems in concert.

Innovation in avionics will be critical if we are to continue moving

forward -- staying ahead of that ominous "power curve" our adversarieB %ould

like desperately to put us behind. Innovation in avionics has already

dramatically changed the effect of air power in warfare and nothing in my

crystal ball tells me anything is going to change for the future. Improved

navigation capability allows us to fly to the engagement site with minimum

error. Our radar warning receivers and electronic countermeasures systems

have allowed us to penetrate to target areas protected by increasingly

sophisticated electronic defenses. Improvements in radar have extended our

vision to let us acquire and track targets at even greater standoff ranges.

And our weapon delivery systems allow us to effectively put ordance on the

target at night and under the weather.

Today we are in the midst of a major revolution in our aircraft -- a

transition from the mechanical to an electromechanical system. We will have

completed that transition when we field our next fighter, the Advanced

Tactical Fighter or ATF, in the mid-1990s.

71:( ATF (>?. L,(ta rews for our Air Force. The bad news is that ATF

is already about four years farther behind the F-15 than the F-15 was behind

the F-4 in development. We have a lot of catching up to do.

The ATF will have capabilities that will pulse the full range of avionics

systems. We look for this airplane to not only achieve supersonic speed, but

to be able to stay there long enough to cover some ground. It'll have a range

50 to 100 percent greater than the F-15 Eagle's; ability for short take-off

and landing, to get in and out of damaged airfields; obviously, the ability to

engage multiple enemy fighters at once, beyond visual range; and it will have

to survive while doing all that in an environment filled with people, in the

air and on the ground, who want to kill him. And we want it to be operated by

8



a single pilot. If it all sounds like it will be enormously difficult, I'm

making my point.

As concerns the Air Force of today and tomorrow, this electronics

revolution I've been discussing will take final form as improved technology

which created new options for improved capabilities to guarantee our

persistence of the battlefield. That is the ability to fight around the

clock, in all weather. It will be a key test for the organizations you folks

represent -- both on the corporate side and military side. Our ability to

fight will involve more than 'how high, how fast, and how far." It must also

address whow often." How often are America's fighting machines ready to fight

rather than out for maintenance or lack of parts. It is one question where a

poor answer could well be our loss. Let me illustrate. Let's consider a

typical fighter aircraft. Current avionics equipment consists of Line

Replaceable Units, or LRUs. A typical LRU has about 100 hours Mean Time

Between Failures. This .typnal LRU has a 98 percent chance of lasting through

a 2-2 1/2 hour mission.

But say there Lre 25 LRUs per aircraft. That means 46 percent of the

aircraft land with a system failure. Each failed box could (and often does)

result in several box removals for bench testing. The LRUs are tested in the

avionics intermediate shop to determine which unit to change. The technician

finds the problem, removes and replaces the suspect unit, sends it back to the

depot for repair, retests the LRU, and puts it back on the shelf as a spare.

While there is no doubt the avionics intermediate shop has permitted us

to operate with modest reliability to th s point, it represents a significant

burden that we literally have to carry around on our back. jIL-a - It

* takes over four C-li4lB's to deploy a wing's worth of the F-16 intermediate

shop -- our smallest system. It is DgMnlUx. It is exDensiva. It is

manpower intensive. And -- it is vulnerable. I'll tell you right now, if the

9



avionics intermediate shop is knocked out, we can plan on losing capability

faster to avionics failures than to combat losses. Eighty-four percent of the

aircraft I Used in my earlier examples will land with a failed box by the end

of a day under the demands of wartime use. I must therefore conclude that a

100 hour Mean Time Between Failure of an LID is just not good enough.

The consequences of poor reliability are three-fold. Firsnt: it burdens

the field commander with the vulnerability and difficulty of carrying the

avionics shop around with him. Zncnd: it takes a huge tshunk of the budget

to keep Us in spare parts. In fact, the budget for replenishment, spares, and

modifications to patch old electronics exceeds that of developing new

electronics. Third.: Demands for manpower to purchase, stock, transport,

install, and in some cases repair spare parts are substantial. And for each

* mechanic with hands on our weapon Systems, there are many others required for

support and training.

We are making a hard charge at lessening the dependence we have on the

* avionics intermediate shop by incrementally improving reliability and using

built-in test capability inside of the avionics equipment. As the diagnostic

ca pability of this built-in test equipment approaches that of the in house-

avionics shop, we can begin to Position our systems without all the extra

baggage. We are making progress -- right now for example, 50 percent of F-16

D repairable avionics items do rot require the Use of the avionics shop.

Improvements in avionics have been steady to this point. However, we are

at the beginning of a new chapter in development of our Air Force. A chapter

Whose Outline tells us improvements may slow drastically, perhaps not occur at

* all if it requires cost in dollars, time, or combat effectiveness.

To help ensure that we do continue to see improvements, ASD is

restructuring its avionics development and reliability program. We call it

the Avionics Integrity Program. It incorporates the technical and

10



programmatic elements of the highly succ6eful Air Force Structural and Engine

Integrity Programs combined with the traditional electronics parts data base.

This reorientation of our avionics development approach reflects the

recognition that electronic systems function until a mechanical or chemical

failure causes an electrical failure. The Avionics Integrity Program will be

discussed on Wednesday afternoon by Dr. Halpin, my director of product

* assurance, and Hr. Ludwig, ASD's technical director for Avionics Engineering.

* Technology growth through the VHSIC or Very High Speed Integrated Circuit, is

a major element of our Avionics Integrity Program. VESIC offers the potential

for significant performance improvements through increased computational

* speed. Increased computational speed is achieved through reducing inter-

component distances -- this means significantly reduced feature Sizes on the

chips themselves. I'm convinced that VHSIC is critical to successful -

implementation of all our future flying systems. There is a potential to

markedly improve hardware reliability if some of the resulting reduced volume

is reinvested to reduce the operating stresses on the electronic equipment, as

* always, an oppor-tunity for tough trades and difficult decisions. We believe

that solid engineering, Jr, both design and manufacturing, combined with -

* continued technology growth, can produce systems of significantly improved

reliability -- without significant penalties in cost, schedule, or combat

performance. Our discussions with industry about VHSIC support the contention

that significant improvements are available at modest cost. We recognize

* several things are necessary to make it happen. First: insistence on

* reliability by our program offices combined with the Avionics Integrity

Program. Second: competition based or rellabi]Jty. Tbird: some

reorientation of contract policy to encourage expenditures to upgrade

equipment and procedures. These initiatives involve the industrial

modernization, GET, PRICE, and Value Engineering programs. And fourth:



- - . . - .---- --- ".-

retraining of many design and manufacturing engineers.

There is an opportunity for leadership here. That opportunity exists on

both sides of the table. The payoff will be long in coming, hence it is

difficult to sustain attention to action over the long haul. But both are

necessary to successfully complete the electronics transition as we move

toward the future.

Well, I can see the time is growing short so rather than risk finding out

the penalty IEEE bestows on a speaker who carries on too long, I'd better end

my remarks here.

Thank you again for this opportunity to talk to you and I'll keep my

fingers crossed for the opportunity for a return engagement next year.

Thank you and have a great week. p

I

I
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Dr. John Halpin, ASD's Assistant for Product Assurance, moderated the ASD

Integrity Thrusts management session. An outline of this session is shown

below. Dr. Halpin's introductory remarks were similar to the opening remarks

of his presentation at the AFSC Horizon South conference the next day. In

order to be more complete, Dr. Halpin's entire Horizon South presentation is , - -

included in this report.

ASD INTEGRITY THRUSTS

1. INTRODUCTION Dr. John Halpin
ASD/EN(PA)
Wright-Patterson AFB, OH 45433

2. MECHANICAL FAILUREMODES Mr. Dave S. Steinberg
FOR ELECTRONICS Litton Guidance and Control Systems
(videotapes) Woodland Hills, CA

Dr. John K. Hagge

Collins Defense Communications Div.
Rockwell International
Cedar Rapids, IA 52498

3. THERMAL DESIGN OF ADVANCED AVIONICS Dr. Ajay Sharma
Dept. 489 Bldg 300-41B

East Fishkill Facility, Route 52
Hopewell Junction, NY 12533

4. FAILURE MODES Mr. John Devaney
911 S. Mountain Ave.
Monrovia, CA 91016

5. USE OF STRESS SCREENING Mr. Ed Koenig
AT THE DEPOT WRALC/MAIE

Robins AFB, GA 31098

6. STRESS SCREENING OF Col Dalton Wirtenan
MIL-STD COMPONENTS Defense Electronics Supply Center

DESC-E
Dayton, OH

7. STRESS SCREENING: THE Mr. C.E (Neil) Mandel, Jr.
INSTITUTE OF ENVIRONMENTAL Radar Systems Group
SCIENCES' PERSPECTIVE Hughes Aircraft Company

P.O. Box 92426
Los Angeles, CA 90009

8. THE AVIONICS INTEGRITY Mr. Gary Ludwig
PROGRAM and PANEL DISCUSSION ASD/ENA

Wright-Patterson AFB, OH 45433
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ASD
PRODUCT ASSURANCE

FOR
AVIONICS/ELECTRONIC

SYSTEMS

J. C. HALPIN
ASSISTANT FOR PRODUCT ASSURANCE
AERONAUTICAL SYSTEMS DIVISION

#1. Avionics integrity is a phrase which may be foreign to some of you. We
0- have a long tradition, however, in the systems area with what we call our

integrity programs. We have a tradition that starts before World War II whenwe were addressing safety and performance in airframes and how we would govern
and manage those in the acquisition process. This grew through the second
world war. In the fifties, we were forced to face the fact that airframes
have finite lives, dictated by something other than combat attrition. This
brought in the concept of life limited by fatigue processes. This concept was

*formally incorporated in the design, development, and acquisition process in
the 50's with formal requirements for fatigue testing, like a reliability
qualification test.

17
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PRODUCT ASSURANCE

RBORNE EQUIPMENT EQUIP ENT IIU EN !-EQ IP EN

AIRFRAME ENGINES AVIONICS OTHER

AIRCRAFT ENGINE AVIONICS -SOFTWARE
STRUCTURAL STRUCTURAL INTEGRITY - MECHANICAL
INTEGRITY INTEGRITY PROGRAM SUBSYSTEMSPROGRAM PROGRAM (AVIP)

(ASIP) (ENSIP) - INTEGRATED

DIAGNOSTICS

(FUTURE)

(1970) (1980) (1985)

92. We had additional problems in the 80's. We Lost several airplanes due to fractures in the wing

structure and the fuselage. We reformulated the structural integrity program at that time, adding

formal fracture control. That became the basis of the current aircraft structural integrity

program. It's also the technicaL basis for the certification processes for aLl civil aircraft in

this country and in Europe. After thet matured, that technology base was transitioned into engines,

starting in the mid-1970'.. As Late as the F-100 deveLopment program, we tended to specify engines

in terms of operating hours-no specifications in terms of throttle motions or thermeal cycles of
the engine. The engine integrity program took the mechanicaL fracture process, converted it into a

thermal fatigue analysis for the engine parts, emphasized a fracture control process in the engines

and applied it beginning in the Late 70's. That is the baseline to which we are acquiring the new
engines in our system. As the technology base matures and as electronics end avionics have become

criticaL and essential to aircraft performance, we are Looking at formalizing the avionics

development activities in a simiLar format as we have done on engines end in the airframe. We feeL

that a natural evolution is taking place in industry maturing disciplines Like reLiabiLity and

maintainabiLity into a more deterministic integrity approach as used in structures and engines. We

must accept the fact that the avionics is a major subsystem which is critical to the aircraft itself
and needs to be managed with the same intensity and commitment that we manage airframe and engines.

It is basically a systems engineering process. We're going to emphasize attention to some of the

physical failure modes as welL as to good conservative electrical systems design. Our discussion

today, then, will emphasize this ares. We have segregated mechanical design and eLectrical design

from software quality and relisbility as we believe you must understand the physical status of the

system and the electrical status independent of the software, end those must be matured separately
and then put together in a system analysis activity.
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EVOLUTION OF TYPICAL AVIONICS SUBSYSTEMS

0 INCREASING PERFORMANCE, QUANTITY, AND RELIABILITY
A

1,000 AN/ARC-164

MTBF 100 AN/ARC-34 CO UHF
(HRS) 00 -ICOMMAND RADIO

A AN/ARC-27

10I I I
1950 1960 1970 1980

100
1RADARI F-16-
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F-1060 . F-4C
1 II I I ! I -
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YEAR INTRODUCED

#3. We have continued to develop avionics systems with ever increasing
requirements for performance and reliability. Often, we sacrifice some
equipment ruggedness or maintainance features in order to meet the demanding
performance requirements. In communications systems we have been able to
achieve sizable improvements on several fronts. The ANIARC-34 introduced in
1954 weighed 50 pounds, was designed with vacuum tubes, and was crystal
controlled. The AN/ARC-164, by contrast, was introduced in the mid 1970's and
weighs only 9 pounds. It is totally solid state and is fully frequency
synthesized. The reliability of the AN/ARC-164 represents a factor of 10
improvement over that of the AN/ARC-34. In radar subsystems, the increasing
performance demands keeps the designers working just to keep up and,
consequently, we see only modest increases in system reliability. To
illustrate the point, the MG-13 introduced on the F-101 contained 7000 parts,
421 of which were vacuum tubes. The APQ-120 radar on the F-4E used 13,000
parts. Only 24 vacuum tubes were used. By the mid 1970's when we developed
the APG-63 radar for the F-15 A/B, the performance demands had quadrupled.
The APG-63 incorporated 19,000 parts in its largely solid state design. We
have still managed some modest system reliability improvements even with the
very demanding performance requirements of today.
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GROWING PAINS

0 HIGH COST/LOW RELIABILITY
o AVIONICS INTERMEDIATE SHOP

RADAR AND FIRE CONTROL
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100.000
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F-16
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#4. The next chart shows that while we have had a very positive and growing
experience, we've been suffering growing pains. In this chart, instead of a
system, we have an assemblage of black boxes called line replaceable units.
The problem that we have in managing the system is that the units which have
been critical to performance on the battlefield are typically the systems at
the upperleft. These kinds of systems have very low reliability at relatively
high cost. Today, some of these boxes with reliabilities of 100 to 300 hours
cost over a million dollars an LRU. They're driving the requirements for the
AIS (Avionics Intermediate Shop), for our spares, for our manpower. It's
handling these directly that is motivating our management to put firmer
attention into the LRU's represented by the enclosed area. Traditionally, we
have developed LRU's with a set of technical tools which represent good
conservative electrical engineering practices supplemented with piece part
analysis based upon MIL-HDBK-217. One of the problems we have had is the life

predictions. The reliability predictions have been piece part oriented and we
have had poor correlation between those predictions and field results. As a
consequence, we have had a lack of confidence in some of our designs and that
lack of confidence has frustrated attempts to make some of the hard decisions
to go for a conservative design. It's building this confidence by putting in
additional tools which is what we are emphasizing as one of the major
technical thrusts in our evolution of the Avionics Integrity Program.
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FAILURE PROCESSES
~idt

0 AVIONICSlELECTRONIC SYSTEMS FUNCTION UNTIL A MECHANICAL OR CHEMICAL
FAILURE PROCESS CAUSES AN ELECTRICAL MALFUNCTION

FAILURE
PPROCESSESSPARTS

, MECHANICAL

INTERCONNECTIONS * THERMAL

* VIBRATION
PRINTED WIRING BOARDCA

CABLES & CONNECTIONS SDIELECTRIC

MULTIPLE CHIP PACKAGES 0 DESIGN CRITERIA

* TEMP

* EXPANSION STRAINS

- PART-TO-BOARD

- CONDUCTOR-TO-BOARD

* BOARD DEFLECTION J

#5. The next chart represents a somewhat extreme position, but the chart is
intended to make a point. When we have mature, well-developed electrical
designs we still have failures, in the factory and in the field. When we have
properly addressed electrical design, those failures cend to be mechanical and
chemical in origin. It is those failures with which we are having difficulty
in addressing today's design methodology. They occur at a series of levels:
parts, the interconnections between the parts and the boards, failure modes
within the printed wiring boards, in the cables and connectors, and multichip
hybrid packages which are a combination of all these problems together. We
believe that most of these areas can be treated in a formal way very similar
to the techniques people are using to get qualitative guidelines to design
mechanical and thermal packaging today. We feel that these failure processes
can be grouped in these classifications. Criteria such as the derating
temperatures, expansion strains between the part and board and the conductor
and board, and board deflections govern fatigue processes. When analyzed as
failure processes, we believed that you can design a better product and make
suitable trades for a longer lifetime, and that's the message and the theme of
our integrity program.
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TYPICAL THERMAL FATIGUE FAILURE LOCATIONS

COMPONENT SO[ lDR IOINT

THICKNESS
EXPANSION

LI N-PLANE EXPAISIOIN

COPPER PLATED-THRU-hOLE

#6. An example of a mechanical failure process at work in our systems is
thermal fatigue. Thermal cycling encountered in the ground and airborne
operational environment is at work not only on the components but also at the
interfaces of the components to the printed wiring board. Shown here is a
plane view of a multi-layer printed wiring board showing typical fatigue
failure locations. The strain in solder joints, particularly for surface
mounted devices, cause fatigue failures which appear often as on open
electrical connection. In surface mount applications the solder forms both
the electrical and mechanical joint. There is no lead to carry a share of the
stress. Expansion can often be five times greater than the in-plane expansion
for G-1O glass epoxy printed wiring boards. The strain induced in the copper
plated through hole can lead to a number of fatigue related failures shown in
the following pictures.
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THERMAL FATIGUE FAILURES

e PLATED THROUGH HOLES/MULTILAYER PRINTED WIRING BOARDS

p

i7i

7. Here is photo of an actual plated-through-hole in cross section. Stress
concentrations at the interface between the copper plated barrel and the inner
conductors often lead to foil cracks, as shown in the drawing on the right,
when the board expands out-of-plane.
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CRACKED CONDUCTION IN PRINTED WIRING BOARD

#8. Here is a photo of an actual foil crack
at the interface with the plated-through-hole.
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lYPICAL THERMAL FATIGUE FAILURE LOCATIONS
COMPONENT SOLDER JOINt

THI CKNESS
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1 10 1.02 10 10' 106 os

THERMAL CYCLES TO FAILURE

#9. Thermal cycles contributing to fatigue failure can be induced during
manufacturing and repair as well as during during operational usage. The
strain levels experienced during the repair cycle can be five to ten times the
levels experienced during in flight usage. As shown on the chart at lower
left, these strain levels can significantly reduce the lifetime of the copper.
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CRACKED PLATED THROUGH HOLE

-4",A

#.10. Here is a photograph of the cracked electrodeposited copper
in the barrel of the plated-through-hole due to thermal fatigue.
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TYPICAL THERMAL FATIGUE FAILURE LOCATIONS

COMlPONENT SOLDER .OIN

THICKNESS
EXPANSION 0 M " I*
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COPPER PLATED-THRU-ilOLE
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S Ain A1 t Ll WiE
"1,, Lif In -0 W

2, i i1 , -0F a

#11. The strain in the solder Joint can be determined when the strain/failure
relationship or the solder is known or is measured. The number of thermal
cycles to failure can be predicted. Shown in the lower right is a plot of

experimental failure data for several common leadless chip carrier packages.

The line is as predicted by the strain equation.
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THERMAL FATIGUE FRACTURES

S CERAMIC CHIP CAPACITOR 0 LEADLESS CHIP CARRIER

'77

FAILED AT 100 CYCLES* DUE FAILED AT 100 CYCLES : 68 PIN
TO CONTAMINATED JOINT CHIP CARRIER/POLYIMIDE BOARD

TEMP. CYCLING FROM -55 TO 1250C

#12. Shown here are two examples of solder joint failure. The ceramic chip

capacitor was gold coated to aid in solder adhesion but the gold contaminated
the solder leading to embrittlement and subsequent cracking. The picture on

the right shows clear cracking of each solder joint after 100 temperature

cycles on this leadless chip carrier.
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ri ELECTRONIC PART FAILURE

0 TYPICAL FAILURES ON CHIP SURFACE

CRACK/FRACTURE OF INTERMETALLIC FORMATION UNDER
METALLIZATION PATH GOLD BOND AND SHORTING ACROSS

METALLIZATION PATHS

#13. The failures are not confined to the interfaces between components and
boards. Shown here are scanning electron microscope (SEM) photos taken of
chip level failures. A stress concentration exists at the point where two
metallization runs overlap. Here, the stress concentration resulted in a
crack across the metallization and resulted in an open circuit. The
intermetallic growth pictured on the right forms when two metals such as gold
and aluminum are present in a moist, elevated temperature environment.
Conditions are often good for this formation in poorly sealed integrated
circuit packages. The result - an internal electrical short.
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ELERONIC PARTS FAILURES

0 FRACTURE OF BONDED SURFACES

DELAMINATED CERAMIC CAPACITOR I. C. CHIP DE13ONDING FROM CASE

#114. More component failures are shown here. In the Case on the left
moisture expanding at high temperature caused delamination in the capacitor
stack. On the left, the integrated circuit die has become detached from the
header. It is being held in place by the bonded wire interconnections. The
adhesive may not have been applied properly. Even though the chip may be
operating electrically, it will fail for lack of heat transfer from the die or
from breakage of the interconnection beads in the vibration environment.
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ELECtRONIC PARTS FAILURES

0 THERMAL FATIGUE: FLYING GOLD LEADS

• . t . . , e •j

i" I . .. - -, ;

THERMAL FATIGUE CRACKING INADEOUATE THERMAL STRAIN RELIEF

#15. Shown at the left is a classic case of thermal fatigue

related cracking of an integrated circuit lead within the package.

Inadequate strain relief shown at the right can cause this problem.
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* PRINTED CIRCUIT BOARD (PCB)

* FAILURES OCCUR IN COMPONENT LEAD WIRES AND SOLDER JOINTS
D D TUE TO BOARD BENDING

*MECHANICAL FATIGUE FAILURES

RELATIVE

COMPNENTDISPLACEMENT

PCPC C BPOENDIN

0FATIGUE LIFE GOVERNED BY BOARD DEFLECT AND DEFECTS

* #16. We have spent a large portion of our allotted time talking about thermal
related fatigue mechanisms. There are mechanical fatigue failures caused by
vibration mechanisms. Shown in this viewgraph is an edge view of a printed
wiring board constrained at the edges but allowed to deflect in the center.
Limiting the allowable board deflection can increase the lifetime of the
printed wiring boards. Dave Steinberg from Litton Guidance and Control
Division in Woodland Hills, California has published a good text on designing
avionics packages to survive operational vibration which causes fatigue

I fracture of component leads attached to the board.
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A TYPICAL CABLING FAILURE

I STRESS CORROSION CRACKING

A .

" " h.,. "STRAIN*

- '

CRACKED KAPTON INSULATION TIME-TO-FAIL (WEEKS)I!

TIGHT BENDING RADIUS

#17. Aircraft wiring can also experience fatigue related failure. Shown at
the left are cracks in Kapton wire insulation which was stressed at a bend in

Ithe wire bundle. The strain/failure relationship at the right clearly shows
that the lifetime is extended if the stress is reduced through control of wire
bending radius and routing.
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AVIONICS INTEGRITY: SYSTEMS ENG.

OCCUPIE SYSTEM

PAT____11RAILEPLEENO

COOLING C~ETR TANISLTO

YBRI VIBATION OV

: .:. ,), ....

#18. The achievement of avionics integrity is truly a systems engineering
design problem. The task to be performed drives the selection of a technology

Iwhich, in turn, dictates the power dissipated by each element. This
influences the size of the power supply, ,.he cooling technique to be employed,
and the volume needed for the system. Usage dictates the environment in which
the system must live and sets the stage for fatigue failure of the materials.
The system designer must optimize this synergistic puzzle to achieve

performance and lifetime at an acceptable life cycle cost. As we have
Ic1 scussed, integrity is influenced by on-chip interconnections,

interconnections to the printed wiring board, cabling and connectors, and -
- selection of hybrids to name a few. Inattention to the design detail at tlese

interfaces can lead to intermittents or fatigue failures all of which reduce ' --

*the system lifetime. "
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DESIGN TO USAGE

0 PREDICTABLE LIFE CHARACTERISTICS
REQUIRES

UNDERSTANDING DESIGN USAGE

9 IN-FLIGHT

* ENVIRONMENTAL CONTROL SYSTEM (ECS) MALFUNCTION

* GROUND MAINTENANCE

WITHOUT

ECS

WITH

* SHOP REPLACEABLE UNIT REPAIR (RESOLDER)

* DATA BASE REQUIRED: THERMAL, VIBRATION, POWER
QUALITY, ON-TIME "ENVIRONMENT-TIME SENSOR"

#19. The physical fatigue processes in avionics systems are predictable and
controllable. In order to predict the system life characteristics, we must
have a detailed understanding of the design usage. This understanding must
not only include the in-flight environment, but also the ground maintainance
environment. This includes the effect of operating without the prescribed
cooling supply. We must understand the effect of repair operations on
lifetime. We have seen, for example, the effect of soldering temperatures on
the lifetime of electrodeposited copper. We must build a knowledge base for
each application to track environmental changes as we change missions. We
then can predict the effect of such changes on lifetime.

3.
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CONSERVATIVE DESIGN REDUCES FIELD FAILURES

0 FATIGUE FRACTURE BASED DESIGN
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* CHARACTERIZE MANUFACTURING QUALITY 0 DEVELOP FATIGUE LIFE MODEL
• DESIGN FOR THERMAL AND MECHANICAL STRESS 0 ESTA LISH FAILURE FREE LIFE
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(ENVIROMENTAL STRESS SCREEN) DESIGN MANF. NI
USAGE QUALITY OR

ESS
(MAX DEFECT SIZE

0 CONTROL REPAIR QUALITY

#20. If we use conservative design practices, the resultant hardware is more
tolerant of the stress experienced in the usage environment. Field failures
are reduced with a more tolerant design. In any population of components or
system subassemblies there is a distribution of defects that can lead to
fatigue fracture as we have discussed. Process control can reduce the number
and the average size of the defects. We can eliminate defects above a given
size and thus assure a minimum failure free lifetime. Eliminating defects
above a given size is accomplished through environmental stress screening or
non-destructive inspection. With a thorough understanding of design usage,
control of manufacturing quality, and elimination of defects above a given
size, we can expect a minimum failure free lifetime for the hardware. If we
apply the same discipline to our repair process, we can maintain an expected
lifetime even after repair.
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INTEGRIlY PROGRAM: ACQUISITION APPROACH

9 SYSTEMS •SYSTEMS REQUIRE ANALYSIS
RQMTS PERF FOR DESIGN AND

TRADES VERIFICATION; CDR* DESIGN
USAGE CONTRACTUAL

M AVIONICS AVIP * VERIFY DESIGN BY

SMAINTENANCE _ INTEGRITY MASTER TEST; DSARC III B
& MASTER PLAN

REPAIR PLAN - TASKS / CONTROL MFGOPTIONS -TASKS QUALITY
-DESIGN

CIAVIP - DESIGN CRITERIA TRACK SERVICE- TASKS CRITERIA USAGE---.'

CRITERIA * ETC.
e CONTROL REPAIR

AIR FORCE CONTRACTOR QUAUTY
R. F. P. RESPONSE

I

#21. In implementing our Avionics Integrity Program we have been sensitive to
the concerns expressed by industry regarding excessive specifications, tiering
of documents, and dictating 'how to" design information. Our approach, which - -
utilizes the master plan, is intended as a response to the criticisms. The
requirement for AVIP will be included in the Request for Proposal along with ...
the system requirements and design usage. The contractor is expected to
respond with a preliminary master plan which includes his tasks and the design
criteria to be used with his approach. After the contractor has been
selected, the details of the contractual mester plan will be worked out to
allow a single governing plan to be put on contract. The integrity program
emphasizes the importance of analysis for design and verification. The plan
will identify the quality control techniques and the methods of verifying the
design by test and analysis. The program includes the tracking of in-service
usage of avionics and also addresses the need to control repair quality in
order to maintain the expected lifetime. We will be emphasizing design
verification by analysis at CDR. In addition, we will use the results of the
design qualification tests as part of the data base for the production
decision.
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SUMMARY'

* ELECTRONIC SYSTEMS: SMALL SCALE STRUCTURES

* PREDICTABLE FAILURE CHARACTERISTICS

* CORROSION CONTROL

e POWER

* CONSERVATIVE DESIGNS ARE TOLERANT IN MANUFACTURING
AND IN THE FIELD

* TECHNOLOGY DRIVING FAILURE LOCATIONS: PARTS TO
INTERCONNECTIONS AND BOARDS

a AVIONICS INTEGRITY PROGRAM YIELDS FAILURE FREE MINIMUM
FATIGUE LIFE

0 PRELIMINARY SPECIFICATION - JULY1984

#22 In summary,

Electrical systems can be considered as small structures subject to the
same physical failure processes as large structures.

Conservatively designed systems are tolerant of the stresses induced by
manufacturing processes and field usage.

As parts become more reliable under market pressures, we must look to
the interconnections of parts and printed wiring boards to achieve the
longest lifetime.

The Avionics Integrity Program will provide us with a means of attaining
a minumum failure free lifetime.
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CONCLUSION

-IMPROVE AVIONICS INTEGRITY-

*APPROACH: DETERMINISTIC PHILOSOPHY
*DURABILITY

*CONTROL: SERIES OF ACTIVITIES
e STRESS ANALYSIS
&*DESIGN TO STRESS

*METHOD: MASTER PLAN
* DESIGN CRITERIA
e TOOLS
DESIGN REVIEWS

IMPLEMENTATION STRATEGY

AVIP BUS INESS
DESIGN CRITERIA CONTfRACTS, JNCErJTIVES
TECHNICAL TOOLS & WARRANTIES

#23. The Avionics Integrity Program offers a proven approach

to achieve acceptable and cost effective avionics lifetimes. It

serves as the technical basis for design reviews. The Avionics

Integrity Program compliments bUsiness strategies concentrating

on incentives and warranties.



Dr. Halpin ended his introductory remarks by introducing an edited

videotape of Mr. Dave Steinberg and Mr. John Hagge. Mr. Steinberg's remarks

are from a presentation on "Packaging Electronic Equipment for Severe

Environments." For additional information, refer to Mr. Steinberg's paper,

"Design Guides for Improved Reliability, Proceedings IES, Los Angeles, April

1983." Mr. HagGe's remarks are taken from his presentation on "Reducing Field

Fatique Failures in Circuit Board Assemblies." For additional information,

refer to Mr. Hagge's paper, "Predicting Fatique Life of Leadless Chip Carriers

Using Manson-Coffin Equations," Proceedings IEPS, San Diego, November 1982. The

viewgraphs from the videotapes are included here.
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PACKAGING ELECTRONIC -EQUIPMENT

FOR

SEVERE ENV IRONMENTS

by

Dave S. Steinberg

ENVIRONMENTAL INDUCED FAILURES
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COST TO AIR FORCE. $3 WI~LUION I YEAR

41



AVOID FLUSH MOUNTED ELECTRONIC COMPONENTS
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-Teaperaeiwe A - .95 (68 solder pvAs)
Cycles

To 1600'"Fail
80

Ceram c Subtrate .-- .

0 100 15b 200

At oC Temperature Cycle Rari.o
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CREW IrES9 TO FAIL

* .. vs
SPEED OF STEADY APPLIED LOAD.

*8.000-"• - "

Struts
to

. FaLl 4,000

1 b/ n2

o S. _
.01 .10 1.0 10.0

Pull Teit Speed, L-u/mLn.

" 63/37 Sn/P SOLDER CREEP STRESS TO rF.-L

vs
TIME AJO AHBIENrT V'DEATURC'-.. .

•i OC

S,4,000

W in 20o 
10 :

*o"2,000"o

* . 400- iI
1 1 106

Ttma, to Fail, Minutes

47

-A



SUCCESSFUL PRODUCTION OF LEADLESS COMPONENT
FATIGUE LIFE WITH MANSON-COFFIN EQUATIONS

. 40

.20

.05 PREDICTION

0
10 100 1000

NUMBER OF CYCLES TO FAILURE

U2 SEC
5.20-

IL&

06 IsJ199

00 CYCLLS 10 FA&UiUt

e EFFECT OF CYCLE P591sil
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TEMrI:RATURIE DWELL

_______LOW HIGH

AUTHOR CUMbPANY OC *L' MIN

stll AFA17 WPAFn 5 .325 0

Jarb".1 II&N41)IX -H 75 J20

Pgnnimurs- M.ARIN -_5 025 1 u

Clebsi & JUIINS HOPK'INS -15 *t25 15
Itomeneiku

Jones IU)CKWI.1. -55 +12V 30

Love 1 AIITI N -40 85

Lassen KtOI.I.NIORGEN .65 .125 20

Fishman ITT -55 215 10
& Cooper

Caswell & TKAVCAU -55 *I1.5 .,
1e~acson

DESIGN PARAMETERS: MINIIMIZE L. COMPONENT SIZEz

AND MAXIMIZE t, STAND-OFF HELG111

LIA060 SS J0041 , DISSCO..PO..if.t (f.g. p .

SUSISMAN SLOSIRAJE

A fireCA j~im GaoufETNY Suk 04SL SI .6054? C w...

Stralin 2t

FACIIN

SYMBO TCAUhAlpf

6020 1060 200 W0 1000 ?O
of CYCLES to FALUM
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OPTIMIZE MAIIRIALS CHOICES: USE A
SUBSTRATE W11101 !'ETS YOUR REQUIREMENTS

EPOXY

POLYIMIDE

LE CORE _____________________

KEVLAR

LE FOIL/CORE

50 100 500 1000 5000

NUMBER OF CYCLE TO FAILURE, 20 PIN LCC

MOUNTING TRANSFORMERS

*WAVE
SOLDER

REFLOW
LAP

______________________SOLDER

(POOR) (GOOD)
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MOST FAILURES ARE DUE TO A SEVERE RESONANT CONDIT;ilON

'150

C K
co*

FREQUENCY

STRESS CONCENTRAT IONS

HOLES Z2ZiZ

NOTCHES(Dzi

SHARP CORNERS_

SHARP BENDS

SHARP CHANGES IN

CROSS SECTIONS-
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REDUCE FAILURES WITH THE USE OF THE OC AVE RULE

PCB PCB (400H;'

CHASSIS

FIXTURE_~_ _

FIXTURE

DOUBLE THE NATURAL FREQUENCY FOR EVERY ADDED DEGREE OF FREEDOM

:MOUNTING LARGE COMPONENTS

d

ojl

b --

PCB BENDING DURING RESONANCE
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PCB DESIGN

FAILURES OCCUR -IN C0OMPO1NENT LEAD WIfP3 AND SOLDER JOINTS

DUE TO LARGE DY.NAMIC DISPLACEMENTS, WITH POOR STRAIN RELIEF

RELATIVE

DISPLACEMENUT

PC B

63/37 Sn/P~b- SOLDER ALTERWNLIG LAP SHEAR STRESS

@TEPMTRE ND REQUENCY 0F APPLIED LOAD

6000.

* S. 4000
IDS Cyclsa/mtn at

Srreaa

200

* 1503-

* ~400 - - - - -- -

0-1
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EFFECT OF CCZFO?.i" SIZE
ON LCC SOLD I JOINT F?.TIGUE LIFE FOR. .

SINUSOIDfL VIDRAUION MII, ON. CYCLES

/ . . -3,(16 &older Duda~)

*45
* " S I I l

(28 &older padsa)

AccaleratLon

-' * '-_.- i-'* -

>. ''.4 ••'/ - .- " "

(60 uOoldcr P14c) i j.
2~ a .75 -- A~ 1

I TyrLoal IS2 aolder pada) 5.0 " A
* "tm I~cI i .- t " -

Reonrance

G0 o 2dO 58b 400
• ". - lPCBl Resornnt Freckmuanlys Hz - 7.0

EFFCCT OF LEAD LENCTI! ON FATIGUE LIFE -
" SIUSOIDAL 'JtI3PRTlDI .10 hILLC1OI1 C'YCLES

* FLAT PAC VS' LCC-

*L .2 S..f jji-

1/**Solde-----L. . 18. i.
.6 L.8~, .-

:'I ,"7 ._,. v-.._ .7.-.:.-- -IL

* I s1 O .. % t I: .. . :'I-

.ccitr n L a 01 L

C 1?cak [ I!lI

" o R. covuc. j 5.0 "i.--.

-- -::0 I2 7
PCI" Soolner P a

4

).,~ca .054
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SUMMARY "

1, TEMPERATURE DEFQWTION OF PTH IS ELASTIC UP TO 8OOC, PLASTIC

ABOVE BOOC

2. PTH COPPER SHOULD BE ABOVE 62 ELONGATION, 5OKPSI

3. PTH LIFE IS INCREAS-D WITH LARGER PTH AND POLYIMIDE PWB'S

4. SOLDER JOINT DEFO M"XTION IS PREDOMINANTLY PLASTIC, THEREFORE

HIGH SOLDER DUCTILITY IS IMPORTANT

- AVOID SOLDER CONTAMINANTS

- AVOID HOT STORAGE OR SLOW COOLDOWN

SUMMARY (CONT)

5. FATIGUE LIFE DECREASI:S WITH

- LARGER COMPONENTS

- THIN SOl.DER JOINTS

- LARGE TEMPERATURE EXTREMES

- LARGE COEFFICIENT OF EXPANSION MISMATCH

6. MANSUN-COFFIN ANALYSES ARE USEFUL TOOLS FOR

- GUIDING PKI^DUCT/PRODUCTION DESIGN
- PREDICTINC CYCLES TO FAILURE
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The first speaker, Dr. Ajay Sharma, discussed the details of why IBM's

Thermal Control Module has a very high reliability. Here are the viewgraphs of

his presentation.

56.
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THERMjV'AL CONTROL OF LSI MODULES

IN

IBM 3081 COMPUTERS

A. Sharma
IBM, General Technology Division

East Fishkill, NY

Heflmp a

- Spring

*t ~~I .~Suiarte

/ -Flange

Hemrvoir Cring esal
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The Thermal Conduction Module (TCM)

*Muti-layer ceramic substrate

*Up-to 118 LSI chips

2 25Lc.M circuits per cubic meter

*Upt o 4W per chip, 300W per module

*Mechanical, thermal and environmental
encapsulation

I E *i43bi91-

Product Requirements

*Wide range of environmental conditions

*Cooling water between .92 and 31C -

*Chip powers vary between 0.4 and 2.7W
(Nominal), design maxima 4W.

*Chip temperatures maintained: 40 -85C

*Chip to water thermal resist. ;9 13C/W

a Repairing capability

n Field -replaceable unit .
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DESCRIPTION

*Cold Plate
BeCu water cooled heat sink
Screw attachment to hat

*0.02 C/W water to hat
N Hat Assembly

Described in detail on next slide
E Interposer

Allows upward temperature adjustment
0 C-ring

Lead-plated Inconel, caoted with wax
Provides reworkable, hermetic seal

*Substrate
MLC, 90x90 mm, upto 33 layers,
1800 I/O pins -

..- Nunn,

AW r Subsuume

Hem lftevg C n, i~i a
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Hat Assembly

*Contains a piston for each chip

*Aluminum alloy pistons with crowns

UAccomodates chip and piston tilts

*Filled with helium to enhance thermal
interfaces

n End of life air ingress of 13%

n Seals tested to 3600 cycles of 25-75C

s Thermal resistance: 8.4 to 9.1 C/W

old plat
CoalinI
inedsum

Interposer I
Piston Heliu

I(iw pa mitlu)

radius ZgIP
Chip R. cp
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Cooling Development

* Chip to piston resistance:
Pressure, chip tilt, piston crown

* He vs. Air: 7.9 C/W vs. 22 C/W

* Limit air ingress to 13 percent

* Three dimensional thermal models

* Interposers added to maintain 40 - 85C

* Special thermal test vehicles

* Stress tests: vibration, shock, on/off

Conclusions

Cooling capability for 25000 logic
circuits and 65000 array bits per
module of 0.001 cubic-meter volume

Very high reliability

* Extendable cooling capacity

* High heat fluxes (100 KW per square m)

Hermetic enclosure isolates from
external environment
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Reference

S. Oktay and H.C. Kammerer,

"A Conduction- Cooled Module for High-
Performance LSI Devices,"

- IBM Journal of Research and Development,

Volume 26, 'Number 1,

January 1982.
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The next speaker was Mr. John Devaney from Hi Rel Laboratories. The

following is a summary of Mr. Devaney's remarks:

In failure analysis as elsewhere this famous quote is very relevant.

gThose who are ignorant of history are doomed to repeat it."

In failure analysis we are still analyzing the same failures we were over

20 years ago. Prior to about 1967 we felt that if they were properly built,

semiconductors would not wear out. Since then we have started talking about

wearout mechanisms in semiconductors and we have found that thermal cycling or

thermal stressing is one of the key factors in aggravating failures. Some

other failure mechanisms are intermettalics (purple plague failure and bonding),

corrosion, electromigration, dendrite growth, nodule formation and ionic

leakage paths.

There are several types of failure analysis (or as some people call it --

process control or process engineering). First of all we have environmental

stress test screening which was done extensively on the Minuteman missile.

Greater and greater stresses were applied to the part until it failed and then

analyzing the failures to determine the root cause failure mechanism and then

either redesigning the component or its application in the system. The other

type of failure analysis is the analysis of the part when it fails in the

system.

For failure analysis to be effective a number of factors are of major

concern: the turnaround time (need answers in hours or days usually), cost,

creditabilty.

The future of failure analysis, as integrated circuits get smaller and more

complex, depends upon power, temperature cycling and the mechanisms that are no

longer screenable by brute force, i.e. how do we think about what the potential

problems might be without waiting for failures to occur in the field.
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It is more and more important for the manufacturer and the user to work as

a team. We need to do less assessing of blame, less "finger-pointing" and more

"what can we do to fix it."

Most of what we know has already been published, but most of the time

failure analysts call each other to find out if someone else has seen the

failure mode which they themselves don't recognize. Usually under the time

constraints of failure analysis, we are not willing to look through the books

and papers to find the answer to our problem. Our base problem then is that

people don't recognize failure modes. There are very few comprehensive studies

on failure analysis with photo atlases to show what the failure mode looks

like and then to describe its root cause.

Mr. Devaney then showed some slides of actual failure modes.
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The next speaker, Col Dalton Wirtenan, also discussed the governmsent's

use of stress screening from the DESC/E point of view. Col. Wirtenan's

vi4ewgraphs are included here.
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DoD INVENTORY MANAGER FOR aoo,Ono PARTS
PROVIDE COMPOUENT ENGINEERING TO THE MILi ARYj* PREPARE OVER 1200 STANDARDIZATION PROJA- TS EACH YEAR

* MAIN~TAIN AND DEVELOP SOURCES FOR OPLs

* AUDIT VENDORS

* MA14AGE DESC TEST FACILITY.

*PROVIDE COMPONENT APPLICATION INFORMATIIN/PARTS CONTROL

*PROVIDE DCAS TECHNICAL TRAINING

D ES C

ESS OF COMPONENTS CAN IMPROVE PERFORMANCE/RELIABILITY OF

SYSTEMS /EQUIPMENT

HI-REL MIL PARTS PROVIDE ESS

*MIL-STD-833 (MICROCIRCUITS) AND MIL-STD-750 (SEMICONDUCTORS) m

DESC TEST FACILITY RESULTS SHOWS THE SCREENING EMPHASIS SHOULD

BE ON COMMERCIAL PARTS

LOGISTICS EXPLOSION W/O STANDARDIZATION 2
*DESC ESTIMATES POSSIBLE TRIPLING OF OUR INVENTORY WITHIN

3 YEARS W/O STANDARDIZATION
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DESC..

MIL-SrD- 83 Inn 1 SCREENING (CLASS B MICROCIRCUITS)

" INTERNAL VISUAL:

" STABILIZATION BAKE: 24 .. a1500C

" TEMPERATURE CYCLING: -6501. TO +150OC; 10 CYCLES S

" ACCELERATION: 30,000G, Y 1 ORIENTATION

" BURN-IN: 160 HRS. + *125 0,1

* FINAL ELECTRICALS: STATIC a -550C, 250C, 1250C
FUNCTIONING a 250C

SWITCH!NG a 25°C

SEAL TEST: FINE AND GROSS I.

EXTERNAL VISUAL

DESC'"

JAN BRANDING POLICY

INSPECTIONS AND TESTS TO VERIFY COMPLIANCE WITH

THE SPEC DOES NO JEOPARDIZE THE JAN BRAND

SELECTING PARTS TO TIGHTENED ELECTRICAL PARAMETERS

DOES REQUIRE AN N3P (CONTRACTOR DRAWING)

67
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INSPECTION AND SCREENING F ALL COMPONENT PARTS LEADS TO

INCREASED ELECTRONICS " TEGRITY

ESS REQUIREMENTS MUST BE 'ARRIED THROUGH THE LOGISTICS SYSTEM

PARTS STANDARDIZATION + APPROPRIATE SCREENING = INCREASED

SYSTEM READINESS

0 USE OF HI-REL MIL PARTS = COST EFFECTIVE APPROACH TO ESS

* ALL COMMERCIAL PA,,S DOCUMENTATION SHOULD INCLUDE

REQUIREMENTS FOR INCOMING INSPECTION AND ESS

USE OF DoD DOCUMENTATION TO PROVIDE "STANDARDIZED COMMERCIAL

PARTS AiID SCREENING"
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The next speaker, Mr. Ed Koenig from Warner Robbins ALC discussed the

"Use of Stress Screening At the Depot." His briefing viewgraphs are included

here.
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ELECTRONIC COMPONENT

SCREENING BRIEFING

FOR

NAECON '84

ELECTRONIC COMPONENT SCREENING

R WARNER ROBINS RLC INITIRTIVE AIMED AT IMPROVING

THE QUALITY OF REPAIRED AVIONICS PROVIDED TO USING

COMMANDS

A A COMPREHENSIVE PROCESS TO ELECTRICRLLY TEST AND
ENVIRONMENTALLY STRESS COMMON ELECTRONIC
COMPONENTS PRIOR TO THEIR UTILIZATION IN THE

REPAIR OF RIRBORNE ELECTRONICS EQUIPMENT.
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COMPONENTS SCREENED

*COMMON VRRIETY ELECTRONIC COMPONENTS
REPRESENTING THE HIGHEST USRGE NSNs
FOR THE DIVISION

STOCK CLRSS TYPE OF COMPONENTI

5905 RESISTORS

5910 CRPRCITORS

5961 TRRNSISTORS
& DIODES

*5952 INTEGRR TED

CIRCUITS

BRIEFING TOPICS

W HY ECS IS NEEDED

- FRCTORS AFFECTING QUALITY OF
RECEI VED COMIPONENTS

- IKPRCT OF SUBSTANDARD PRRTS ON
RVIONICS REPAIR

*THE ECS PROCESS

* HRT ECS ACCOPIPLISHES
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SOURCE OF SUPPLY

THE VRST MRJORITY OF ELECTRONIC COMPONENTS

UTILIZED BY HR-RLC/MRI FOR REPRIR RCTIVITIES
RRE SUPPLIED BY THE DEFENSE LOGISTICS RGENCY
(LLR) THROUGH THE DEFENSE ELECTRONICS SUPPLY

CENTER (DESC)

N HR-RLC'S REQUIREMENTS RRE INTEGRRTED WITH

THOSE OF OTHER DOD RCTIVITIES, RESULTING IN
BULK RCQUISITION OF NEEDED COMPONENTS BY THE

DLFA TO MEET HUGE DEMRND LEVELS

COMPONENT PROCUREMENT

PRRTS RRE OBTRINED UNDER THE TIME-HONORED
PROCUREMENT PRACTICE OF CCNTRRCTING FOR REQUIRED

MRTERIRL FROM THE LOWEST OURLIFIED BIDDER. 7

- R PREMIUM IS PRID FOR 100. QURLITY RSSURRNCE

LEVEL COMPONENTS (IT IS COST-PROHIBITIVE TO

PROCURE SUCH PRRTS RCROSS-THE-BORRD)

, RNY ONE "OURLIFIED" SUPPLIER POSSESSING PRRTS

WHICH MEET PROCUREMENT REQUIREMENTS CAN BID
FOR CONTRACT:

- COMPONENT MRNUFACTURERS
PRRTS DISTRIBUTORS

- "G',PPGE" OPERA TICNS

72
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NATURE OF PROCURED PARTS

W HIDE VARIANCE IN PARTS OURLITY RSSURANCE LEVEL

* SMALL LOTS OF COMPONENTS OF THE SAME NSN WILL

CONTAIN PARTS FROM SEVERAL SUPPLIERS

* DUE TO COMPONENT STOCKPILING BY DLR, THE AGE

OF SUPPLIED COMPONENTS VARIES WIDELY (hlRI HRS

RECEIVED COMPONENTS MANUFACTURED AS ERRLY

AS 1956).

DESC TEST EFFORTS

* RECOGNITION OF THE VARIANCES IN PARTS OURLITY

PROMPTED DESC TO ESTRBLISH R SAMPLE TEST

CAPABILITY IN THE LATE 1S9?"'S

* DUE TO DESC'S LIMITED CRPRBILITIES, ONLY 40y

OF ONE FEDERAL STOCK CLASS (FSC 5961) ARE

CURRENTLY SUBJECTED TO SAMPLE TESTING

* DESC HAS PLANS TO UPGRADE THE NUMBER AND

TYPES OF COMPONENTS SAMPLE TESTED DURING

THIS DECADE
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DESC TEST METHODOLOGY

* DESC REVIEHS RLL PRRTS PROCUREMENT CON-7 ACTS

RND SELECTS RPPROXIMRTELY 40Z TO UNDER; '

SRMPLE TESTING

, THE DLR NRREHOUSE IS NOTIFIED RND SHIPS 9

SMRLL SRMPLE FROM SELECTED INCOMING LOT TO

THE TEST LP.?S

* AT DESC, THE SRMPLE IS ELECTRICRLLY TES T-:D.

IF RNY FRILURES ARE ENCOUNTERED, R LRRGER?

SRMPLE IS FORNRRDED FOR TEST. BRSED ON TEST

RESULTS, STANDRRD STRTISTICRL CRITERIR PRE

UTILIZED TO RCCEPT OR REJECT THE LOT BRSED ON

THE NUMBER OF FRILURES.

* IF LfSS THRN R STRTISTICRLLY DETERMINED NUMBER

FRIL, THE LOT IS ORDERED INTO WRREHOUSE STOCK

FuR DISItH il,."

OTHER NEGATIVE FACTORS

* MRJOR COMPONENT MRNUFRCTURERS PURSUING MRRKE'r FOR

CONSUMER ELECTRONICS RRTHER THRN MILITRRY CONTRRCTS.

LESSER FIRMS TAKE UP THE SLRCK.

* CHRNGES IN MRNUFRCTURING SITES OFTEN RDVERSELY
RFFECTS COMPONENT PERFORMRNCE LEVELS.
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IMPACT OF SUBSTANDARD MATERIAL

* SUBSTRNDRRD OR DEFECTIVE PRRTS UTILIZE IN DEPOT

REPRIR PROCEDURES NECESSITRTE EXPENSI VE RENORK OF

RSSEMBLIES

TROUBLESHOOTING

- REMO VRL/REPLRCEMEN T
- RETESTING
- POTENTIRL DRMRGES/QURLITY PROBLEPIS

FROM EXTRR RENORK

INFRNT MORTRLITY COMPONENTS RESULT IN ERRLY FIELD ,

FRILURES - UNNECESSARY REPRIR CYCLES .-

IMPLEMENTATION PLAN

SUBJECT 100Z OF HIGH USRGE COMPONENTS TO

SCREENING PROCESS

* ELECTRICRLLY TEST RGRINST COMPONENT

SPECIFICRTION

* ENVIRONMENTRLLY STRESS TO NEED OUT LNSTRBLE

COMPONENTS (INCLUDING INFRNT MORTRLITY

FRIL URES)

* PROVIDE 10Y GOOD BENCH STOCK FOR P'IONICS

REPAIR WORK
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ECS PROCESS

* DEPENDING ON COMPONENT TYPE, R L.)MBINRTION OF THE

FOLLOWING MIL-STD-750C OR MIL-STi.-883B TESTS RRE

CONDUC TED:

VISURL INSPECTION CONSTINT RCCELERATION

HERMETIC SERL HIGH TEMP REVERSE BIRS
STRBILIZRTION BRKE THERMFL SHOCK

TEMPERRTURE CYCLING BURN-i N

"GROUP R" ELECTRICRL TESTS - UP TO 3 TIMES

DEPENDING ON ENVIRONMENTRL TEST PROGRRM

150,000 TO 200, a COMPONENTS SCREENED/YERR

ESC RESULTS

COST RVOIDRNCE BENEFITS COMPUTED IN FY82 FOR

REMOVING INCOMING SUBSTRNDRRD FND INFRNT

MORTRLITY COMPONENTS WERE $43.?0 RND $814.27

PER PRRT, RESPECTIVELY.

* BRSED ON R CONSISTENTLY DEMONSTRRTED FRILURE

OF LEVEL OF RPPROXIMRTELY 4%, YVRRLY BENEFITS
EXCEED ECS FRCILITY STRRT-UP F.2 OPERRTING
COSTS BY BETTER THRN R 3 TO I I-RTIO.
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SCREENING Bk.NEFITS

* ELIMINRTION OF UNNECESSRRY REWORK BY REMOVAL OF

RECEIVED SUBSTRNDRRD COMPO;Y.-NTS RT INITIRL

ELECTRICRL TEST

* ELIMINRTION OF EXTRR DEPOT REPRIR CYCLES FOR

END ITEMS WHICH FRIL DUE TO COMPONENT INSTRBILITY 0

OR INFFNT MORTRLITY

CONCLUSIONS

, ALMOST ALL ELECTRONIC COMPONENTS ARE RCCEPTED 
INTO THE DOD

SYSTEM WITHOUT BEING SUBJECTED TO RNY INDEPENDENT 
(USER)

TESTING. "

* IN THE ONE FSC (5961) CURRENTLY SAMPLE TESTED BY DESC ONLY-P.

40Y RECEIVE THIS RDDITIONRL SCRUTINY.

* BASED ON THE SRMPLE TEST RESULTS FOR FSC 5961 COMPONENTS:

- RN ENTIRE LOT IS RCCEPTED IF A SMRLL SRMPLE PRSSES

ELECTRICAL TEST

- COMPONENT LOTS PRE RCCEPTED E,'EN IF THEY CONTRIN LESS

THRN R STRTISTICRLLY-DETERMINED PERCENTRGE OF

SUBSTRNDRRD PRRTS

BOTTOM LINE: IT IS IMPOSSIBLE TO GURRRNTEE DELIVERY OF

100Y GOOD PARTS TO R GOVERNMENT USER ON

A ROUTINE BASIS
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FUTURE DIRECTIONS

* INCRERSED RTTENTION TO COMPONENT PROBLEMS
WILL IMPROVE BUT NOT CURE SITURTION

* ECONOMICS FRVOR CONTINUED INDUCTION OF
HIGH VOLUME PRRTS INTO THE ECS PROGRRM

ENVIRONMENTAL STRESS SCREENING

IR-RLC FUTURE RPPLICRTIONS OF ESS PRINCIPLES:

* INVESTIGRTE USE ON REPRIRED SHOP REPLRCERBLE UNITS -

* DEFINE FRILURE MECHRNISMS FOR CRNDIDRTE SHOP
REPLRCERBLE UNITS (SRULT-s'

* SELECT 5-? TYPES OF HIGH HRRDNRRE FRILURE SRUs

* DEVELOP STRESS SCREENS FOR SELECTED TYPES OF SRUs

* EVR' RTE IN THE FIELD RGRINST CONTROL GROUP

* EVRLURTION TO BE COMPLETED SUMMER '86

* IF SUCk'ESSFUL, NR-RLC TO IMPLEMENT STRESS SCREENING
AS PART OF RVIONICS REPAIR PROCESS

| : L .
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The next speaker, Mr. C. E. (Neil) Mandel, also discussed stress

screening but from the perspective of the Institute of Environmental Services

p (IRS). The viewgraphs from his presentation are in this report.
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INSTITUTE OF
ENVIRONMENTAL SCIENCES
ENVIRONMENTAL STRESS

SCREENING ACTIVITY

"."

ESSEH CURRENT PROJECTS
".-." |'"'•"

* ASSEMBLY ESS GUIDELINE DOCUMENT

* THIRD NATIONAL CONFERENCE AND WORKSHOP (ASSEMBLIES)

* 2 REGIONAL WORKSHOPS ON PARTS SCREENING

* PARTS ESS GUIDELINES DOCUMENT

* FOURTH NATIONAL CONFERENCE AND WORKSHOP (PARTS)
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ESSEH TECHNICAL COMMITTEECIL9

CHAIRMAORCE AUM

OFAFARIR KO1. GREE

NAVY mOG D

CHAIRMAN TtC -RMAW
AW OCT M J C C T I N E E A M N G R K CRO EU R "RA fR O

MAYRACK

THIRD NATIONAL CONFERENCE
AND WORKSHOP

SEPT 10-13, 1984 PHILADELPHIA, PA

EVENTS

*KEYNOTE ADDRESS -MR. WILLIS J. WILLOUGHBY, JR.
DEPUTY CHIEF OF NAVAL MATERIAL
FOR R/M AND GA

" EXECUTIVE PANEL -MANAGEMENT AND COST ASPECTS OF ESS

" PLENARY SESSION -TECHNICAL PAPERS

" PANEL SESSION -RANDOM VIBRATION

" PANEL SESSION -MIL-STD-883C/MIL-M-38510F

MIL-STD-1772 ISSUES

*WORKSHOP SESSIONS *INTRODUCE AND DISCUSS NEW ASSEMBLY
GUIDELINE DOCUMENT
PART SCREENING DEVELOPMENTS

MAY R4tClRM
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ASSEMBLY ESS GUIDELINES DOCUMENT

FEATURES

* COMPLETE UPDATE OF ESS GUIDELINES FOR MODULE, UNIT AND
SYSTEM LEVELS OF ASSEMBLY

A DATE BASE - APPROXIMATELY 50 NEW DATA SETS

* REVISION OF COST ANALYSIS SECTION

A SIMPLIFY FOR USER
A ADD FLOW DIAGRAMS RELATIVE TO CALCULATING

SCREENING COST, IN-HOUSE SAVINGS AND FIELD SAVINGS

0 NEW TOPICS TO BE COVERED

A MANAGEMENT
A RECOMMENDED PRACTICES
A DYNAMICS OF ESS PROGRAM
A PROGRAM NEEDS

THIRD NATIONAL CONFERENCE .
AND WORKSHOP ""-"
PARTS PROGRAM .

* HIGH DENSITY MEMORY DEVICE SCREENING TECHNIQUES

. DISCUSSION OF SCREENS VS PART APPLICATION AND
DEVICE PACKAGE

* IMPACT OF MI L-STD-883C/MI L-M-3851OF/MI L-STD-1772 - PANEL

AOEM

A PART VENDOR
A GOVERNMENT

* APPROACH TO IMPROVED CONTROL OF DEVICE MANUFACTURER ESS

A GOVERNMENT
AOEM

* GUIDELINE DOCUMENT STATUS/ISSUES

MAI IMICIM
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PARTS ESS GUIDELINE DOCUMENT
I

PURPOSEj
o DOCUMENT CURRENT SCREENING PRACTICE AND RESULTS

* DISCUSS SCREENING CHALLENGES ASSOCIATED WITH NEW
TECHNOLOGY

a PROMOTE DISCIPLINED APPROACH TO ESS PROGRAM
DEVELOPMENT

A CLASSIFY SCREENS BY PARY TYPE/ATTRIBUTE/
FAILURE MECHANISM P

0 PROMOTE COMMON BASELINE OF UNDERSTANDING OF ESS

STATUS

* DATA BASE TO DATE - 15.5 MILLION PARTS

* FINAL DATA BASE - > 40 MILLION PARTS
0 DOCUMENT 60% COMPLETE

WAY 841CI

PLAN FOR DEVELOPMENT OF
PART ESS GUIDELINE DOCUMENT

* DATA COLLECTION/ANALYSIS: SEPT '81 -* JAN '85

* DRAFT GUIDELINES: SUMMER '83 - CONTINUING

* DISCUSSION OF ISSUES - ESSEH CONFERENCE/WORKSHOP

A SEPT '84 - PHILADELPHIA, PA

* REGIONAL PARTS WORKSHOP NO. 1 - PHILADELPHIA, PA - SEPT '84

A CRITIQUE DRAFT GUIDELINE DOCUMENT

, REGIONAL PARTS WORKSHOP NO. 2 - SAN JOSE, CA - SPRING '85

A CRITIQUE 2ND DRAFT GUIDEL°NE DOCUMENT

SFOURTH NATIONAL IES ESSEH CONFERENCE/WORKSHOP -

SAN JOSE, CA - SEPT '85

INTRODUCE PARTS GUIDELINE DOCUMENT -

WAY 04OW

83........,



PARTS ESS GUIDELINE DOCUMENT

OUTLINE
* INTRODUCTION/SCOPE/PARTICIPANT ACKNOWLEDGEMENT

* FACTORS AFFECTING ESS REQUIREMENTS
* PART SCREENING METHODS FOR MICROCIRCUITS

* STABILIZATION BAKE 0 HERMETICITY
0 TEMPERATURE CYCLING 9 MECHANICAL SHOCK
* CONSTANT ACCELERATION 0 MECHANICAL VIBRATION
0 PIND TESTING 0 BURN-IN

* DEVELOPMENT OF ESS PROGRAM EXISTING TECHNOLOGY
* ALEVEL OF PARTS TO PROCURE - HOW DETERMINED

A SCREENING PARAMETERS
A OPTIMIZATION/TAI LORING

ARE-SCREENING
o CRITERIA/RISK
a OEM VS SCREENING HOUSE

MAY IceM

PARTS ESS GUIDELINE DOCUMENT 1L
OUTLINE CON'T

*DEVELOPMENT OF ESS PROGRAM NEW TECHNOLOGY
A EXAMPLE: 256 K RAM

o PROCESS EVALUATION
O ANALYSIS OF FAILURE MECHANISM
0 UTILIZATION OF STEP-STRESS TECHNIQUE

o MANAGEMENT CONSIDERATIONS
* PLASTIC PARTS

AFAILURE ANALYSIS/DPA
0SHELF TIME VS RESCREEN
*USE OF ACCELERATED SCREENS

MAY MICIM
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PARTS ESS GUIDELINE DOCUMENT

OUTLINE CON'T
* DIE RELATED FAILURE MECHANISMS VS

POSSIBLE SCREENS

" INNOVATIVE SCREENS

* INDUSTRY DATACONCLUSIONS
ZA FIELD FAILURE BREAKOUT BY TECHNOLOGY TYPE

.

MAY . • .1

MONTHLY TREND CHART
100% RECEIVING ELECTRICAL TEST RESULTS

FOR DIGITAL INTEGRATED CIRCUITS AT RSGMD
2.0 , PARTS SYMBOL ' '

"- \ , M38510 . .

1.5 SUBSTITUTE (COM-L)RUE~rO. :- ---". .ALL OF ABOVE .._.
R EJECTION
RATE 1.0%,

0.1

0SMONTH MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR

so RECOM-

OUANTITY 100 
"" -

PARTS
TESTED

(THOUSANDS) 150

TEMPERATURES -W0 C
125C

2 MILLION ANNUALLY

250 r -L PERIOD: MAY 112-APR '83
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ESS ISSUES

PARTS

* EMERGING TECHNOLOGY (HYBRIDS/VHSIC)
A PRESENT SCREENING METHODS INADEQUATE

S83" CRITERIA INADEQUATE FOR NEW DIE & PACKAGES
A FACILITIES NOT GEARED TO NEW TECHNOLOGY

* PRE-CAP VISUAL

* MAGNIFICATIONS INADEQUATE
* SEM DESTRUCTIVE

* NEW BURN-IN EQUIPMENT NEEDED

A ELECTRICAL TESTS COMPLEX
* NEW GENERATION T/E NEEDED

ASSEMBLIES
* SEQUENCE OF SCREENS AT BOX LEVEL

0 SYNERGISIC EFFECT OF ESSs
0 RANDOM VIBRATION SPECTRUM/PARAMETERS-

RECOMMENDATION
*M. M&T EFFORT OVER 3 YEAR PERIOD

MAY 84410

ESS ISSUES IL•

MANAGEMENT

* USE OF GUIDELINE NOMINAL VALUES AS FIRM REQUIREMENTS
CONSEQUENCES

BAD SCREENS

DAMAGING SCREENS
- EXCESSIVE ESS COST

RECOMMENDATION

REQUIRE PROSPECTIVE CONTRACTORS PROPOSE ESS BASED

UPON CHARACTERIZATION OF CANDIDATE HARDWARE,

MAI "icam

86



NEEDED INDUSTRY-WIDE

a DISCIPLINED APPROACH TO ESS DESIGN

* POLICY - SOME FORM OF ESS ON ALL DEMONSTRATABLE
OR DELIVERABLE HARDWARE

- DESIGN OF SCREENS DURING FSD TIME-FRAME

* COST ANALYSIS OF EVERY ESS PROGRAM

- FOR PROPOSAL WORK
- FOR MANAGEMENT

MAY "MIEM
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Next, Mr. Gary Ludwig, the technical director of the Avionics Engineering

Directorate at ASD made some introductory remarks prior to moderating a panel

discussion. Mr. Ludwig's remarks and viewgraphs are included here.
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AVIONICS INTEGRITY PROGRAM ADDRESS

MR, GARY LUDWIG - PANEL MODERATOR

(10 MINUTES ALLOCATED)

VUGRAPH 1

THANK YOU, JOHN, WE HAVE HAD THE OPPORTUNITY TO SEE THIS AFTERNOON

WHAT INDUSTRY IS ACCOMPLISHING IN THE AREA OF RESEARCH INTO INTEGRITY

ISSUES. WE HAVE AN IDEA OF WHAT IS IMPORTANT TO ACHIEVE INTEGRfTY IN

AVIONICS, THE QUESTION THAT MUST NOW BE ANSWERED IS HOW THE GOVERN-

MENT IS GOING TO ASK FOR IT.

VUGRAPH 2

WE HAVE BUILT UPON THE SUCCESSFUL AIRCRAFT STRUCTURAL INTEGRITY

PROGRAM IN DEVELOPING OUR CONCEPT OF A MASTER PLAN TO BE PREPARED

BY THE SUPPLIER, SYSTEM INTEGRATOR OR SUBSYSTEM MANUFACTURER,

THE PLAN IS TO DESCRIBE THE APPROACH TAKEN TO SATISFY INTEGRITY

REQUIREMENTS. THIS PLAN, DEVELOPED IN A PRELIMINARY FORM, IS TO BE

SUBMITTED BY THE MANUFACTURER AS PART OF THEIR RESPONSE TO A REQUEST

FOR PROPOSAL. THE INITIAL PLAN WILL INCLUDE THE APPROACH THE MANU-

FACTURER WILL TAKE IN SO!LE KEY AREAS SUCH AS STRESS ANALYSIS, FAIL-
URE DIAGNOSIS, THERMAL MANAGEMENT, TESTABILITY, DERATING AND STRESS

SCREENING, THE INITIAL MASTER PLAN WILL BE USED AS A FACTOR IN

SOURCE SELECTION, AND IT WILL BECOME PART OF THE CONTRACT AFTER THE

MANUFACTURER HAS BEEN SE. ECTED AND AGREEMENT IS REACHED AS TO HOW

AND WHEN IT WILL BE UPID"'ED
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VUGRAPH 3

THE AVIONICS INTEGRITY MASTER PLAN IS TO BE.DEVELOPED WITH THE

GUIDANCE PROVIDED 11 THE AVIONIWS INTEGRITY MILITARY PRIME STANDARD

WHICH EXISTS IN DRA T FORM NOW, THE STANDARD WILL BE SUPPORTED BY

A HANDBOOK TO PROVIDE RATIONALE AND LESSONS.-LEARNED GUIDANCE FOR

STANDARD APPLICATILI, AND IT FOLLOWS THAT A POLICY DOCUMENT OR

REGULATION WILL BE AIEEDED FOR GOVERNMENT USE.

THE MILITARY PRIME STANDARD WILL OUTLINE HOW THE MASTER PLAN IS TO

ADDRESS INTEGRITY DFSIGN REQ!JIREMENTS AND HOW THESE REQUIREMENTS

ARE TO BE CONSIDERED DURING DESIGN, DEVELOPMENT AND MANUFACTURING,

THE DESIGN REQUIREMENTS ARE TO BE SPECIFIED IN THE SYSTEM SPECIFICA-

TION OR STATEMENT OF WORK ALONG WITH THE ENVIRONMENT USAGE CONSTRAINTS

THAT MUST BE USED IN DESIGNING FOR INTEGRITY. THE MASTER PLAN THEN

SERVES AS GUIDANCE FOR BOTH GOVERNMENT AND THE MANUFACTURER FOR

ASSESSING PROGRESS AT DESIGN REVIEWS.

VUGRAPH 4

WE WANT TO ACHIEVE A BALANCE IN THE AVIONICS DESIGN OF COST, PER-

FORMANCE, SCHEDULE AND INTEGRITY. WE MUST EMPHASIZE THIS BALANCE

EARLY ANR FOLLOW THROUGH THE ACQUISITION CYCLE.

VUGRAPH 5

OUR OBJECTIVE IS TO IMPROVE AVIONICS INTEGRITY BY ESTABLISHING

REALISTIC, LIFETI- 7 AND DURABILITY REQUIREMENTS AND ALLOW INDUSTRY

THE FLEXIBILITY TO RESPOND TO OUR REQUIREME.ITS WITH A RATIONAL

PLAN SUPPORTED WITHi STUDIES AND ANALYSES TO ACCOCMP'.ISH A DESIGN

AND PRODUCT V!TH 7TEGRITY,
90 ~ . . 4 4 * * * * * .



VUGRAPH 5 (JTTOM PICTURE)

OUR IMPLEMEN'1TION STRATEGY IS AS PICTURED AT THE BOTTOM OF THE

VUGRAPH. THE INTEGRITY PROGRAM SERVES TO ESTABLISH THE TECHNICAL

APPROACH AND OLAN FOR ACHIEVING INTEGRITY. THIS MUST BE COUPLED

WITH A BUSINESS STRATEGY THAT IS ORIENTED TOWARD PROVIDING CONTRACTS

WITH INCENTIV-S TO THE MANUFACTURER.
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READINESS--

INTEGRITY

AERONAUTICAL SYSTEMS DIVISION

DIRECTORATE OF AVIOIICS ENGIREERING

MR. GARY LUDW IG

ME[HOD

MASTER PLAN

• PREPARED BY MANUFACTURER

* DESCRIPTION OF APPROACH TO SATISFY INTEGRITY REQUIREMENTS

. SUBMITTED WITH PROPOSAL

* INCLUDES:

" STRESS ANALYSIS * FAILURE DIAGNOSIS

- FATIGUE

- CORROSION

* THERMAL MANAGEMENT ° TESTABILITY

* DERATING * STRESS SCREENING

* CONTRACTUAL
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DEFININ~G DOCUMENTS

AFSC/ASD POLICY/REGULATION

MILITARY STANDARD

~- [jj *MIL PRIME CONCEPT
TAILORED SOW LANGUAGE

DESIGNER'S
HANDBOOK

METHOD

THE APPROACH TAKEN IN THE MASTER PLAN MUST REPRESENT A

REALISTIC BALANCE OF CONSTRAINTS:

COST SCHEDULE

INTEGRITY
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CONCLUSION

- IMPROVE AVIONICS INTEGRITY -

* APPROACH: DETERMINISTIC PHILOSOPHY
* DURABILITY

* CONTROL: SERIES OF ACTIVITIES
o STRESS ANALYSIS
* DESIGN TO STRESS

* METHOD: MASTER PLAN
o DESIGN CRITERIA
o TOOLS
DESIGN REVIEWS

IMPLEMENTATION STRATEGY -.

AV I P BUSINESS
DESIGN CRITERIA CONTRACTS, INCEihTIVES
TECHNICAL TOOLS & WARRANTIES
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After his remarks, Mr. Ludwig introduced the panel members listed below.

He gave Mr. Fenter, Dr. Mayer, and Mr. Tewksbury an opportunity to make

coments about what their particular ANgAL laboratory is doing in relation to

the Avionics Integrity Program. Mr. Ludwig then opened the floor to questions

from the audience. He and the panelists were available to answer these questions.

Dr. Joseph L. Capitano, Gould Defense Systems,lno
Mr. John Devaney, Hi Rel Laboratories
Mr. Donald E. Dewey, Boeing Military Airplane Co.
Mr. John 1. Fenter, AFWAL/MLTE
Mr. John Gregory, Westinghouse Defense and Electronics Center
Dr. John Halpin, ASD/EN(PA)
Mr. Ed Koenig, WRLC.MAIE
Dr. Hylan B. Lyon, Jr., Texas Instruments Corp.
Mr. C.E (Neil) Mandel, Jr., Hughes Aircraft Company
Dr. Arnold Mayer, AFWAL/FIE
Dr. Ajay Sharma, IBM
Mr. Alan Tewksbury, AFWAL/AADE-2
Mr. Lou Urban, ASD/AX
Col Dalton Wirtenan, Defense Electronics Supply Center DESC-E

To reflect the essence of this discussion period, key questions and

replies are paraphrased below.

Please do not interpret these notes as quotes. ..

The first question, by Mr. Phil Klass of Aviation Week, was: Are you -'

thinking of applying your program to a product already being manufactured, to

a product just starting to be manufactured or are you looking to apply your

program to an advanced development program? Or do you hope to apply it

to everything from advanced development to production?

Gary Ludwig's response: We do not expect to apply AVIP to programs which

are well underway. We are not really prepared to contractually do that. We

have been talking very seriously to the ATF Program Office and are looking

ahead to when that effort goes into full-scale development. We have also - -

looked at some subsystems and LRU's which are coming up for procurement over

the next couple of years where we can try these techniques and the contractual

vehicles which might capture them.

Mr. Ed Trumpeter of Trumpeter Electronics, Inc made the following
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Mr. Ed Trumpeter of Trumpeter Electronics, Inc made the following

comments. ASD and DESC are not living in the real world. It (the acquisition -

process) Just doesn't happen the way you would like it to happen. There are

people under you doing things completely in violation of what you are trying to .-

do. In ASD they are violating those specs all over the place. All DESC does p
is warehouse and distribute parts. Parts, in particular some of my company's -. '-.

parts, are being counterfeited.

Gary Ludwig's response: I don't disagree with your comments, but our

program assumes that integrity exists in the contractual relationship, and that

there's enough enforcement built-in to try to maintain that integrity and keep

the honest, honest. Clearly, if there are proveable cases of fraud, p

counterfeiting, or whatever they ought to be addressed in our legal system.

A gentleman from McDonnell Aircraft Company made the following comments.

You briefly mentioned that industry, while reviewing the first draft of the

MIL-STD objected to the amount of paperwork involved. From what I have heard

you have not satisfied this objection. It appears that if a contractor says

they will meet the requirements of reliability, durability, maintainability and

all the other measurable parameters they still have to meet the requirements of

the AVIP. This is what industry is objecting to. It is not just the quality

of the product they will be measured on but also the quality of the plan which

they submit with the RFP.

Mr. Ludwig's response: We don't want more plans. We are trying to

respond to ALL the comments we received in that first draft. I don't think you .

could have honestly reached your conclusion from the few comments you have

heard today about the next draft of our MIL-PRIME-STD. I would like you to

read this next draft before you make your judgments. We are talking about one _

plan which will incorporate many others and replace others.

Mr. Dewey's response: When we read the first draft of the AVIP MIL-STD,
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it looked to us as though we would have to have about 20 people sitting off to

the side in order to respond to the requirements of the AVIP. Many in industry

had similar comments. These comments were taken to heart. The way it is being

handled now is in a tailoring process. This is what was recommended and this

is what is going to be done so that the existing processes (paperwork) stay

untouched, but they are integrated and they are put into a total package form

by an umbrella type of a master plan. There are many of us now in industry who

are saying this is an excellent thing to do.

If it (AVIP) is implemented properly (that is tailored properly) it does

not have to cost an arm and a leg yet it will identify the problems so that we

get the best product out. However, IF, in the contractual arrangement things

do get out of hand and there are too many additional requirements on top of the

master plan then I will swing back very strongly into your camp.
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Avionics Integrity Program Tutorial Notes

The Avionics Integrity Program Tutorial was held on Monday afternoon, May

21, 1984. The participating lecturers for the tutorial are listed on page 96.

This tutorial covers the many facets of integrity (thermal management,

corrosion control, failure diagnosis, environmental stress screening, combined

environmental reliability test, and logistics support analysis) and how they

are incorporated in the Avionics Integrity Program.
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AVIONICS INTEGRITY PROGRAM

TUTORIJAL NOTES

-READINESS A

\* INTEGRITY

AVIONICS INTEGRITY PROGRAM OFFICE

DIRECTORATE OF AVIONICS ENGINEERING
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433
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Agenda

AVIONICS INTEGRITY PROGRAM TUTORIAL

NAECON '84

MONDAY, 21 MAY 84

Introduction Mr. John Price
(ASD/ENAS)

AVIP Program Major Lee F. Cheshire
Mr. Thomas J. Dickman
(ASD/ENAS)

Videotape Mr. Dave S. Steinberg
(Litton)

Videotape Mr. Willis J. Willoughby, Jr.
(NAVMAT 06)

Thermal Management Mr. Robert L. Berger .
(ASD/YYEF)

Corrosion Control Mr. John Kaufhold
(ASD/ENAS)

Failure Diagnosis Dr. Bill Dobbs
(AFWAL/MLSA)

Environmental Stress Screening Mr. Phillip H. Hermes
of Electronic Hardware (ASD/YYEI)

Videotape Mr. Joseph L. Capitano
(Gould, Inc.)

Combined Environment Reliability Dr. Alan Burkhard
Test (CERT) (AFWAL/FIEE)

Logistics Support Analysis (LSA) Mr. Kenneth L. Morris
(AFALC/PTA)
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Dr. Alan Burkhard is the Technical Manager of the Combined Environments Test
Group of the Air Force Wright Aeronautical Laboratories' Flight Dynamics
Laboratory. In this capacity he is responsible for the technical direction
and content of MIL-STD-810, the tri-service coordinated environmental testing
methods document. He was the Technical Program Director of the extensive R&D
effort which developed Combined Environments Reliability Test (CERT) into a
useful acquisition test technology. Dr. Burkhard has authored over 15 tech-
nical papers and open literature reports concerning environmental reliability
design and test criteria.

Robert L. Berse is currently Chief of the Flight Systems Division, Deputy
for Strategic Systems which is responsible for the Air Launched Cruise Missile
(ALC), the Advanced Cruise Missile (ACM), the 7-111 Avionics Modernization
Program (AMP), various B-52 modernization programs and the Advanced Air to
Surface Missile (AASM). Mr. Berger initiated the Thermal Management Program
within the Aeronautical Systems Division and has written two published papers
on the topic: "A Systems Approach - Minimizing Avionics Life Cycle Cost,"
presented at the 13th Intersociety Conference on Environmental Systems in
July 1983, and "Electronic Equipment Thermal Management," presented at the
1984 Reliability and Maintainability Symposium in January 1984.

Mr. Berger graduated from Ohio University (BSME) in 1967, the University of
Dayton (NSEM) in 1972, and the Air War College Seminar Program in 1977. He
is a member of AIAA and a registered Professional Engineer in the State of
Ohio.

Major Lee F. Cheshire (USAF) is currently assigned to AFSC/ASD, more specifically
to te irectorate of Avionics Engineering, where he has managed the Avionics
Integrity Program since November of 1982. Previously he was assigned to the

Controls and Displays Branch of ENAS for 8 months. He has a BSEE from the
University of Virginia (1970) and an MS in Aeronautical Systems Engineering
from the University of West Florida (1972). Major Cheshire is a certified
private pilot with an instrument certificate. Since being stationed at
Wright-Patterson Air Force Base, he has worked on such projects as the HH-60D
Nighthawk Source Selection, Advanced Tactical Fighter, standard fiber optics
data bus, and avionics architecture handbook. He is now a lead engineer and
manager for ENAS, working to develop and promote the Avionics Integrity Program.

Major Cheshire was born at Boiling Air Force Base, Washington DC, and is married
to the former Anne D. Myers of Alexandria, VA. They have two sons.
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Joseph L. P.E., Director of Quality Assuranoe, has been with Gould
since 1972. For five years he managed and was responsible for failure diagnostic
analysis of all connts as well as vendor aproval and selection. He also
functioned as a Technical Subcontracts Administrator under the direction of the

. Director of Purnasing. He has been in his present position for over four years..
Prior to joining Nava=, he held the positions of Quality Manager for several
small aerosp cumpanies. He also has been a Quality Engineer, Chief Failure
Analysis Engineer, Test Manager, and Hybrid Quality Engineer. He has omr 20
years in aerospace Quality Engineering and related functions. Prior to entering
the quality field, he was a Design Engineer in the fields of power supplies,
radiation detection equipuent, and cmpier logic design. Mr. Capitano is
currently teaching credited Quality Assurance advanced courses at Rio Hcldo
College, and has done so for the past four years. He has recently completed
wrk on a PhD.

Mr. Thomas J. Dickman is currently assigned to the Directorate of Avionics
Engineering where he has been defining, developing, and promoting the Avionics
Integrity Program since January 1983. He currently serves as a lead engineer
in the Avionics Systems Division where he is technical head of the Avionics
Integrity Program. Since coming to Wright-Patterson AFB in 1968, he served
as project engineer responsible for the development of air data computers.
He has written and presented several papers advocating the development of the
Standard Central Air Data Computer. He has authored several articles and
papers advocating the Avionics Integrity Program. In 1980, Mr. Dickman was
assigned to the Deputy for Tactical Systems as lead avionics engineer for the
A-10 Weapon System. Mr. Dickman received a BSEE degree from the University
of Cincinnati in 1968. In 1974, he received a Master of Science degree in
Engineering Management from the University of Dayton. Mr. Dickman is a
registered Professional Engineer in the State of Ohio.

Dr. Bill Dobbs is employed at the Air Force Wright Aeronautical Laboratories/
Materials Laboratory at Wright-Patterson AFB, OH. He has lectured extensively
on electronic materials and manufacturing processes associated with electronic
device failure. Dr. Dobbs established and organized the Systems Support Divi-
sion's Electronic Failure Analysis Group at the Materials Laboratory in 1977.
He received his Ph.D. in Physics from the University of Missouri at Columbia
in 1971 and has research and teaching experience from three post-doctoral
fellowships. He has made numerous presentations and has published extensively'
in scientific journals.
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Phillip H. Hermes is currently the Deputy for Strategic Systems (YY) Lead
Engineer for Product Assurance. He provides program support in reliability,
maintainability, parts control, producibility, and value engineering. In
the past, Mr. Hermes has worked in the areas of aircraft vibration, acoustics
and shock. The programs he has supported are the 7-15, 7-16 and B-52 Constant
Speed Drive. From 1980-81, he was a member of the National Committee on Environ-
mental Stress Screening, sponsored by the Institute of Environmental Sciences.- ,- -

Hr. Hermes graduated from Bellarmine College (BA Math) in 1957, the University
of Detroit (BSME) in 1960, and the Air Force Institute of Technology (MS System
Engineering) in 1974.

After joining the Aeronautical Systems Division in 1970, John Kaufhold
specialized in system safety, systems and materials engineering, a corrosion
control on mobile shelterized reconnaissance/strike system ground stations for
over 12 years. As a member of the Avionics Integrity Program Office, he is
responsible for the development and integration of system safety and corrosion
control requirements for the Avionics Integrity MIL-PRIME Standard.

Mr. Kaufhold received a Bachelor of Science degree in Chemistry in 1969 from
the University of Cincinnati. He is a member of the System Safety Society
and the National Association of Corrosion Engineers.

Kenneth L. Morris is a Logistics Management Specialist in the Directorate of
Logistics Support Analysis, Air Force Acquisition Logistics Center at Wright-
Patterson Air Force Base, Ohio. In 1979 he directed the study to determine
the course of action the Air Force would take in implementing LSA. His final
report and recommendations was the foundation for the Air Force LSA development
program. He served as the AFLC representative to the AFLC/AFSC steering group
established to direct the LSA implementation program and was also a member of
the OSD-sponsored Joint Service/Industry Work Group that rewrote MIL-STD-1388.
With the formal publication of the MIL-STD, Mr. Morris' principal function has
been to act as a consultant to Program Offices implementing LSA on acquisition
programs.
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Dave S. Steinberg is the Manager of the Mechanical Engineering Design Analysis
SEi at Litton Guidance & Control Systems, in Woodland Hills, California.
He is a Registered Professional Engineer in New York, New Jersey and Michigan,
and the author of more than 20 published articles on Electronic Packaging. In
addition, Mr. Steinberg is the author of two textbooks, "Vibration Analysis
for Electrnic Equipment" and "Cooling Techniques for Electronic Equipment"
which are published by John Wiley & Sons, in New York.

Mr. Steinberg received his B.S. Degree in Machanical Engineering fru the
Illinois Institute of Technology in 1948. He is a visiting Professor at the
University of Wisconsin-Extension, where he has been presenting a series of
short courses on vibration and cooling of electronic equipment for the past
6 years.

At the request of Admiral Isaac Kidd, Chief of Naval Material, Mr. Willis J.
Willoughby came to the Headquarters Naval Material Camtnd as the Drecr
of the Reliability and Maintainability Directorate in 1973. Prior to "joining"
the Navy, Mr. Willoughby was the Director of Apollo Reliability, Quality and
Safety for the National Aeronautics and Space Aninistration's Office of Manned
Space Flight, Apollo Program Office.

Mr. Willoughby earned a BSME in 1952 from the University of South Carolina.
His awards include the

* President's Meritorious Executive Award
* NASA Exceptional Service Medal
* Navy Distinguished Civilian Service Award
* Apollo Group Achievement Award
* Aerospace Industries Association (AIA) Distinguished Colleague Award
* Aeronautical Institute of Aeronautics and Astronautics (AIM) Systems

Effectiveness and Safety Award
Institute of Environmental Science (IES) Reliability Test and Evaluation
Society of Logistics Engineers (SOLE) Logistics Award

Mr. Willoughby was born in Columtbia, and is married to the former Mary J. Lloyd.
They have two sons and one daughter.
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The videotape you are about to see is an introduction Lt Gen T H McMullen, ASD
Commander prepared for the videotape 'A New Dimension in Weapon systems Design',
which stars Gen Robert T. Marsh, Commander, Air force Systems Command, Gen Billy M.
Minter, Commander, United States Air Force Europe, and Gen James Mullins,
Commander, Air Force Logistics Command. Several of Gen McMullen's comments refer

V to the film and his overall message is clear. The Avionic Integrity Program and
NAECON'S theme this year address these Issues. Here Is the script for the
videotape.

The message you are about to see is en important one. its about logistics and
supportability and availability of weapons systems, but its not directed at the
people we normally think of in those areas. its aimed right at us - here in ASO.
It talks about our business, technology, and system acquisition, but not from the
perspective we historically emphasize - how fast, how high, how far. It talks of
the importance of having machines that are available to show their stuff rather
than sitting somewhere on jacks leaking hydraulic oil, its not a new idea. what
is new Is a matter of emphasis. The interest in addressing these issues early, of
building in this capability rather than trying to force it in afterward. AS you'll
see there are several spokesmen who develop this theme. The principle ones though
are Gen Marsh, our boss, Gen Minter, who is squarely facing our potential enemy as
the commander in Europe, and Gen Mullins, whose command suports the systems we
field. We at ASD are major players in this important subject.

As Systems Command's principal acquisition organization, we need to focus our
attention toward more available weapon systems. The message is simple: it is our
job to see the systems we acquire - the fighters, the bombers, the missiles, in
fact all the aeronautical equipment we provide - are designed, developed, manufac-
tured, and fielded with the support needed to provide the combat troops the oppor-
tunity to be a credible deterrent force; or falling that, a force that will win no
matter what the environment.

Now, here at ASO, we're taking beginning steps to increase attention to the
importance supportability and sustainability play in specifying both hardware and
software, It all has to begin in the important work done in our labs where so much
of our technology begins. As you'll see, Keith Collier has some things to say from
that aspect.

But the consciousness must grow as the system takes shape. We all know that
fielding supported systems requires discipline in both our design and manufacturing
process. Our systems have to be developed so they're consistent with the support
concepts and requirements of both the operating and supporting community. To help
provide that orientation and to help with the policy necessary to increase our
emphasis on a supported system, we have two fairly new organizations at ASO.
First, in the Deputy for Engineering, the ASD product Assurance Office now headed
by Dr. John Halpin. Its chartered to help our focus on reliability, maintain-
ability and quality in design and manufacturing. I've also established the Deputy
for Acquisition Logistics under Colonel Dave Casey, to exercise management over-
sight of ASO acquisition logistics functions and activities.

While these two organizations are fundamental to ocr institutional approach tothese areas, as always, the place where it happens is 1, :ur orogain offices, wherethe program director has the responsibility for ho. do or dcr't do our work inthis particular area as elsewhere. The challenge we race requires not more workbut smarter work from all of us. it requires that we increase our knowledge and
involvement in ensuring that availability in all its subsets - like readiness,
supportability and sustainability - are integrated into the right aspect of our
acquisition prograin.

Incidently we have initiated such efforts right on the ground floor in the
advanced tactical fighter. There, we have a chance to back off and run at it from
the start. But we can't limit this new enthusiasm to just new starts or programswhose development cycle is out in the future. We have shown we can do it in lotsof ways. Probably, our best example is the Alternate Fighter Engine Program.
Their innovative management and dedication and leadership all teamed up to give usfighter engines that will spend lots more of their lifetime propelling airplanes
rather than in the engine shop.

But we just have to do more. We have to do it with all our programs - now.We must turn all our programs toward, and where it's clearly not too late, into
being fully supported when we turn them over to the user. This film clearlyhighlights that support isn't something we add on to our systems, It's an integral
part of the design and manufacture of the hardware, it requires the appropriateresources be committed to providing the right level of support and we must have thefinal say on how that goes. I suggest you pay careful attention to the story these
three leaders unfold.
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This tutorial will first provide a
K background of ASCIS Avionics Integrity

SS BACKGROUND I Program (AVIP) and Its development

e DURABILITY from the Aircraft and EngineStructural integrity Programs. Next,
* ACTIVITIES the technical perspective and

pilosophy of durability will be

ativities necessary to achieve

Intgrtyof hardware will be
dscussed in detail. Guest speakers

will be phased into the tutorial as we
0 CONCLUSION I develop the AVIP process. Finally,

I the status of the AVIP program will be
____ ____ ____ ____ ___ provided.

......'!:.n...................

0 PERFORMANCETECHNOLOGY DRIVEN

III ~0 TECHNOLOGY RAPIDLY ADVANCING 11

*EXPANDING ROLE

* MISSION ESSENTIAL

*SAFETY-OP.FLIGHT

I. a RELIABIITY INCREASING IPART LEVEL)

0 COMPLEXITY INCREASING

* GUANTITY INCREASING

0 CONSTRAINED MANPOWER AND LOGISTICS A
SUPPORT ENVIRONMENT a nee -and technology and are expanding

mi Son esental rlessuch as
lec oni wafar an weponmanage-

Sentsysemsandsafety-of-flight
role suh a flghtandengine con-

trl,,Reliability may be increasing
a t t part level butg increasing

... complexity and quantities decrease
________________________system__reliability____and burden the

logstis upprtenvironment. The
' pnenialinceas inwords of

nboad meoryexemplifies the

00
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PERCEPTONS OF ACQUISITION POLICIES

"FUTURE SYSTEMS MUST IMPROVE IN THE FOLLOWING AREAS:

AELIA91LITV & MAINTAINABILITY ;Iin order to meet those realities we
-A need to improve the reliability and

*MANUFACTURING DUALITY *\ Imaintainability, manufacturing
EC4MCLTM q. u. uaI It y, economic I If et imIea, and

ECONOMIC LIFETIMEenvironment deIIf In It Io n o f our
hardware. These, along with a

ENVIRONMENT DEFINITION 4disciplined engineering management
approach should lead us to improved

*DISCIPLINED ENGINEERING MANAGEMENT readiness with reduced liff. cycle
co st.

"POSSIBLE RESULS IMPROVED AVAILABILITY
LT. READINESS TO FIGHT

LOWER <> LOGIS7ICS REOUIREMENTS
OPTIMUM LIFE CYCLE COST

in the past ASD established the
I Aircraft Structure Integrity Program

ASD APPIZOAC4 (ASIP) and the Engine structure
-e Integrity Program (ENSIP) to Improve

the quality Of these key airplane
elements. The ASIP began in the late

STRCUALomdEG"T AVIONCS IMEGIY ENWHINERITY 1950's because of a wing cracking
problem on the 5-47. There were two
b"sic prooloms: there was a need for
improved design criteria and selection

Vsi of materials for wings end tnere was a
need for Improved manufacturing tech-

1573 15W niques and better control of the manue
facturinq process. The lae 60's and
early 70-s saw an improved ASIP with
the advent of fracture mechanics and

HARDWARE SOFTWARE the analysis of crack growth on the

T OOLS a70TO.S wings to the point whoes a wing's
lifetime could be more accurately

eCRITERIA a CRITERIA determined based on the usage of the
OIAACTRIS~5wing. Today, virtually all USA;
CHARATEFNTICSaircraft are using ASIP and the
a OIRA5UflYcommercial industry is applying the0 OUIABUMsame principles to their aircraft.

a MAINTIAI~ffY The ENSIP began in 1970's and applied
0 SAET similar concepts to improving the

integrity of aircraft engines. The
J realities of avionics has led us to

the Avionics integrity' Program where
we are presently addressing hardware
quality (software quality will be
addressed in t he Iu tu r e) by
establishing the tools and criteria
necessary to0 obt a in Ith ese
characteristics of iritegrity: dura-
bility, maintainability, and fault

.15CCERAMIC tolerance/safety.
:2 CHIP

l ,.. CARRIER

One of the major causes of failures in
avionics is the difterences in thermal

'xi.. . SOLERE coefficients of expansion betweenSOEE various components of electronicTO equipment. This is a graphic example
*,.. ~ tfC~Z~f~I. ..- "'of the results of thermal gradients on

a chip carrier and the board to which

be able to tolerate these differences
-they Must be rugged (durable).

-65'C 
- EPOXY GLASS

110 BOARD

THERMAL COEFFICIENTS OF EXPANSION
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DURABILI In order to explain our concept of
• durability, an application of basic

principles of thermodynamics to
FIELDSTRESSESWEAKENMATERIALSTRUCTURE I electronic structures is helpful.

FAILURE Differences In thermal coefficients of
(STRENGTH) expansion cause mechanical stresses to

be set up at the interface of twoI.T STRESS STRESS SCREEN mate'rials bonded together. These
L A (AT) stresses are plotted in the upper

IU FIEL STRESS right as a function of change in
length of the bonded pair of bars. If

ST Twe heat the bars to the point wherePAODUCES MECHANGSTRESS ALENGTH their expansion causes the interface
of the two bars to rupture, we haveSTRESS FACTORS LEADIN TO FATIGUE. reached the yield trenth of the

T-a " - - -s ATI5 joint. Operational or field stresses
dr .are well below this maximum strength

FAIGUE point. Stress screening Is intendedN FAILURE to insure that the part will not falliATj STEOERTINA in the presence of field stresses. kre
kT OP-STRESS Lintroduce stresses greater than the

VIBRATION: ENVIRONMENT parts will typically experience to
TIME precipitate out weak joints. In the

,-- ;lower right we recall that repeated
INITIAL STRENGTH MUST EXCEED FIELD STRESSES ,e ress we reces tha rengted

stress cycling reduces the strength of
the joint and that time to failure is
the joint's fatigue life. In the
lower left we are reminded that there
are fatigue factors in addition to
thermal cycling that include the rate
of change of temperature with time and

tIIIOAI~flVvibration cycling.~~DUMMILY

CAUSES OF FATIGUE FAILURE IN PAINTED WIRING BOARMI

0 CONCENTRATION OF STRESS ON SOLDER JOINTS Fatigue failures can occur in printed
wiring boards as well as in the elec-

* CONCENTRATION OF STRESS ON PLATEO THROUGH HOLES tronic components themselves. The

e FATIGUIG OF COFFER LANDS WITHIN wULTILAYER B method of attaching components to
printed wiring boards and the fabrics-

FAILURE , , tion of the boards themselves can
SENDN create potential fatigue points.
$NEAR Solder joints where leads are mounted

•~ o through the board can be susceptible
"i" ,-L to fatigue failure. The complex

.H.m-i _ultilayer boards have many fatigue
-- '" CAUSED, failure modes caused by temperature

E B cycling, vibration and board deflec-

0 TEMPERATURE CYCUNG tion, and absorption of fluid which
causes Out of plane expansion.

0 VIBRATION-BOARDDEFLECTION Industry is aware of these factors as
indicated by the number of articles on0 HUMIDITY - AUSORET1ON the subject in the technical litera-

FM.• s,., an, .t - o4 ~,. ~ ~ re

DURABI~LY

TEMPERATURE CYCLES ONE SOURCE OF FATIGUE FAILURES

YI - LEADLESS CHIP CARRIER STRAIN ECUATION"
2h

a. - DIFFERENCE IN THERMAL COEFFICIENT OF EXPANSION

aT . CYCLIC TEMPERATURE RANGE This viewgraph characterizes the
effect of temperature cycles on lead-

L DIAGONALDISTANCE BETWEEN LEADS less chip carriers. The designer can
hcontrol the lifetime Of the interface.

SOLDERJOINT THICKNES CRVE This will be explained in more detail
in the forthcoming videotape.

LOG Yj

C. 

I

h A =. SOLDER LOG N
.2 N CYCLES TO FAILURE
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DURABILITNA

BOARD DECTIOUS1 ONE SOURCE OF FATIGUE FAILURES

VIRATION STRESS DESIGN RUAE

~*' ~The effect of vibration on printed
circuit boards has been studied and

... sr OARD UND1 there are ways to cntrol the life of
eboard In this environment ae Mr.
David Stsinburg will s how us in the
following videotape.

M MAXIMUM ALLOWABLE DEFLECTION

IF H IS NOT EXCEEDED THEN ONE CAN EXPECT 10-211 MILLION EOUIVAWINT
RANSOIS VIBRATION STRIISS CYCLES BEFORE FAILURE.*

esftum aeftlmF .0M0. umft In Los "WC&5. CA, 2n 11111

PACKAGING ELECTRONIC EQUIPMENT

FOR

SEVERE ENVIRONENTS

by

Gae S. Steibrg

ENVIRONMENJTAL INDUCED FAILURES

AFFGLTR-71w!5 OUST 19% *Study by Grumman
6% -Found a number of failures occur in

avionics equipment
Greatest number of failures due to
temperature (related to materials -

V18PTIONcoefficients of expansion, modules
201A TEMPERATURE of elasticity - not junction temper-

atures) and temperature cycling
VI Vbrat ion and hu m id it y alIs o
accounted for a large percentage of
t he failures

COST TO AIR FORCE - $163 MILLON IYEAR
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AVOID FLUSH MOUNTED ELECTRONIC COMPONENTS

THERMAL EXPANSION GENERATES STRESSES IN SOLDER JOINTS

* Temperature cycling: mismatch of
EXPANDIiIG COMPONENT materials (high coefficients of

E/NISC 7  
expansion, high modules of7 51elasticity, low strain relief or no
strain relief) rusults in high
stresses in solder joint

I * Failures precipitated by temperature
L , cycling, coefficients of expansion

LEAD Wand high moduli of elasticity

FLUSH MOUNT * Failures show up in vibrationFLUSHMOUNTenvironment
_ .... * Typical temperature cycling." 3

EXPAND|ING PC8 cyc les/day

FPLODED VIEV * Typical vibrations 300 cycles/second

MOUNTING TRANSFORMERS

SOLDER * To reduce failures generated in
.Ii to. temperature cycling: provide strain

relief for component lead wires
C Example. encapsulated or potted
modulus flush mounted to curcuLt

REFLOV card - when circuit board and compo-
LA nent module expand Lt:.re is no place
LAP or force to go - conseuluently,

SOLDER solder joint cracks

(POOR) (6000)

MOST TAILURES ARE DUE TO U SEVERE RESONANT CONDITION

0 •50 Vioration environment: single

biggest cause of failure is
development of a severe resonance
Althoul systems are very complex,

- they can be represented by a single
degree of freedom system fairly

--- K accurately
C When systems exhibit a resonance,
c.an have transmissibility of SO-l00

CTherefore, stresses will be 50-1.

times greater than those at normal
,-loading

FREOUENCY
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STERS CONCENITAT IONS

HOLESo

* Vibration environments second

NOTCHES biggest cause of failureis stress
concentrations ."

* Here the stress riser may be 2 to 3
or maybe even 4 - no where near the
50 or 100 that you can get in a

SHARP CONNERS resonant condition
* Stress concentrations must be

examined very closely
* Insure there are no holes in
improperly located areas, no sharp

SHARP BENDS corners or no changes in cross
sections
Must be watched carefully to reduce
stresses and improve fatigue life in

SHARP CHARGES 11 "various dynamic environments

CROSS SECT IONS

* systemas multiple degree of freedom
system

* Chassis: first degree of freedom

becauseit receives dynamic energy
first

* Circuit cards: usually attached
to chassis,receives energy second,

REDUCE FAILURES ITI TIE USE OF THE OCTAVE RULE represent second degree of freedom
• Should be no coincident resonances

between chassis and circuit card
PCB PCB (400z)-- because transmLssibilities multiply,

I.e., chassis Q-10, circuit card
Q-10, c Ir cu it card receives
0-10 X !a -100

• We must be able to design circuit
card to minimize dynamic strossess

CIIASSIS that means, controlling resonances
CHASIS (200.;1 we have to live withresonances

AS r, I because it Isn't possible to design
a resonant-free system for up to

F I5XTURE a 00 cycles (exciting frequencies up
to 5000 cycles)
Have to "tune* the system; example: %
circuit card has resonance of 400

FIXTURE HZ; to minimize the possibility of
coupling, the resonances need to be

DOUBLE THE NATURAL FREUENRCY FOR EVERY ADDED DEGREE OF FREEDOM separated by an octave; chassis
resonance will be 200 Hz (vibration
envi ronment)

• Shock environment opposite end of

spectrum; example: if curcuit card
has resonance of 400 Hz. by the
reverse octave rule the chassis
resonance will be 800 Hz

NOUNTING LABE COMPONENTS

L ----,- I : -

* 40 pin DIP, 2 inches long, mounted
at the center of the circuit card

* As the circuit card stresses during
resonant condition there is a large

amount of strain in the lead wires

b* In a 10-g random vibration environ-
ment,a 40 pin DrP on a 6 inch X O

PCB BIIIINS DURING RESONANCE inch circuit card will typically
last 50-60 seconds

... ..... ... .

.-p "-

.7 fl.2 !a~a.~* -A.-,..-- .



noS DESIGN

FAILURES OCCUR .IN CONPONENT LEAD WIRES AND SOLDER JOIRTS

CUE TO LARGE DYNARIC DISPLACEENTS. WITN POOR STRAIN RELIEF

• Discrete components (resistors,

diodes, etc.)
• will exhibit similar characteristics

to the 40 pin DIP in the previous ,"
RELAT IVE slid*

CNDISPLACEMEIT * As the circuit card stresses,
PCPEcomponent lead wires will flex and

bend
* When there's enough stress and a

t sufficient number of fatigue cycles,
PCI BECOIN a failure will occur

* To quantify failures and determine
how systems will act

* To determine fatigue life in various
environments %

* Simulate complex systems as a single .

degree of freedom system (loses

OYIAMIC EDUATIONS accuracy, but willing to sacrifice
accuracy for expediency)

* Analysisis accurate enough to *keep
us out of troubleG.'s - When the system has fair credibility

2s- - - (1) for mechanical design, *fine tune"S(•) it with the use of a finite element

computer program
0.003 b * Theequationsareforacircuit board

Y "-- (Z) * The first equation gives the root-

L mean square (RMS) displacement in

the random vibration environments
No" is the number of positive zerot~rossings..

Gros T 0 In 0 --- (3) T The secor.& equation is empirical . -

equation based on years of testing
of actual hardware and obtaining

--- (4) failures with different types of -
environments; need to keep the maxi-
mum dynamic single amplitude"'
displacenent of the curcuit board to

0. a93b/L (b is the length of the
circuit card parallel to the compo-
nent, L is the length of the compo-
nent)

• the third equation is the random response of a single degree of freedom system that we are usina

to approximate a circuit board: D is the power spectral density, fr is tne natural frequency as

though it is subjected to a sinusiodal or harmonic motion, Q is the'transmissiblity experienced
in this environment

• the fourth equation says that for a plug-in type of circuit card, a good approximation of tne

transmissibility at the resonant condition is the square root of the natural frequency (good for

frequencies of 15-300 Hz; below 18 Hz. Q is about 9.7 of the natural frequency and above 400 F.,

O is 1.2 or 1.3 times the square root of the natural frequency)
the combination of these equations is used to determine the natural frequency our system needs

to obtain a fatigue life of It' cycles
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DESIRED PC8 RESONANT FREDUENCY (fU)

FOR 3 SIGMA ACCELERATIONS

*Equation obtained when the previous
. Lfour equations are combined

9..1'* Computes desired natural frequencyF .OJlb for I@ million stress reversals in
the component lead wires

• Used for random vibration .- 
applications

* 8.0 X 6.5 inch circuit card
- Components parallel to 6.5 inch Side

SAMPLE PROBLEM of circuit card

- 40 pin Dual In-line Package (2 inch
Long)

a -9.0-* Component mounted at center of
circuit card

- Assume card is simply supported on

four edges; connector will act as a
hinge; side supports are typically

0 hinges unless they are wedge clamped

]~ (wedge clamps give a very high

L 2.0 I I-6.5 mechanical advantage such that the

Li n ni boundary conditions are more hinged;
the ability to clamp is a function
of frequency - the higher the
resonant frequency, the less
effective the wedge clamp becomes;j I I I I I I I with frequency of 150 to 300 hz
range, wedge clamp can act as an
effective clamp)

PLUG IN PRINTED CIRCUIT BOAR (P0)

iw

* Compute desired natural frequency of
arrangement on previous viewgraph

* Ule power spectral density of 8.04

g.F,.2T 0.9 g/Hz
- D1 was obtained based on the NAVMAT

In " ] P-9492 stress screening test (also

.301 (6.5) known as the Willoughby screeningtest)"" '-
Now divide by .001 because the 3
sigma acceleration causes most of

1, ( 349 Hz the damage and must be considered;
the RMS and 2 sigma (2 X RMS) points
do little damage

* A desired natural frequency of
approxinately 350 Hz is needed to
give us at least 10 million stress
reversals in tne lead wires
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DURABILIiY -

DEFINmON: USEFUL LIFE - ABIUTY OF AVIONICS TO FUNCTION AND
SUSTAIN STRESSES IN THE ENVIRONMENT WITH
ECONOMICAL MAINTENANCE

STRESSES ENVIRONMENT MAINTENANCE

- ELECTRICAL * OPERATIONAL * TESTABILITY
- CHEMICAL * MAINTENANCE - ACCESSIBILITY The definition of durability is given

here with further explanation of key
- MECHANICAL * STORAGE -* REPAIRABILITY words in the definition. The design

* THERMAL - SHIPPING * LOGISTICS criteria and tools necessary to obtain

- MANUFACTURING SUPPORTABIUTY durability are also listed here.

DESIGN CRITERIA: TOOLS:

- FATIGUE LIFE - STRESS SCREENING

- CORROSION CONTROL * STATISTICAL QUALITY CONTROL

- THERMAL MANAGEMENT * STRESS ANALYSIS

. DEFATING

DWAuI43LJTY

OURAOITVPREICTlos If proper design criteria and produc-
D NALYSIS tion tools are applied, the result Is

STEMPERATURE a *design for stress' and reduced
VWRATION manufacturing defects. These reduce

PACKAGING. ETC. .UMIY the failure rate, (bathtub curve -

solid line in graph) to the lowest
LONG le vel (dotted line on graph). The

LIETME longterm failures can be addressed
through a durability prediction and
analysis and the longterm lifetimeDE*MECHANICAL(FATIGUE) (the rise on the dotted line) is

STS SCOROLN * Aunmasked. The knowledge about the
E.OUAUTYCONTROL longterm failures also results in a

synergistic effect if fedback into thedesign and manufacturing activities.

-SYSTEM DOLOYMENT CHANGING Thus, improvement of the design and

1 X1 uSGEmanufacturing techniques is achievable
through a more deterministic approach.

../ . .REPAIR

TIME

* PHILOSOPHY

TODAY FUTURE

POBABI LISTIC DETERMINISTIC

RELIABILITY DURABILITY

RANOMFALUR II PHSICOFF IuR What this leads to is a changingRANDOM FAILURE iPHYSICS OF FAILURE philosophy toward engineering design
4v 4C and quality products. We are moving

STATISTICAL ANALYSIS L _ , STRESSANALYSIS aay from the probabilistic, systems
1: -approach of today toward the

*ATBF TEDLIFE IN THE USAGE deterministic, component approach ofoI TREND '
lS I ENVIRONMENT tomo rrow.

DESIG GOALS t 401.
DESIGN CRITERIA

SYSTEM -C COMPONENT

APPROACH DESIGN
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PHILOSOPHY

Showi ng this philosophy in a different

SYTE EVLPaAR.aoARO. 80XLEVEL way we can See that these two

" RELIABILITYGOAL& DURABILTY DESIGNCWRJIA approaches can play together to pro-
duce a better quality system. The -

" SYSTEM ALLOCAT)ON F ArIGUEIFAILURE ANALYSIS MIL'-HDBK-217D approach results in an-
~ OETRMINIT~c xcellent preliminary subSyatee design

PlOSABILISM1 f LEMIITCrom the reliability philosophy. The
b ottom up' durability discipline can
then be applied to the detailed
subsystem design.

DEFINITION

WHAT IS INTEGRITY?

AVIONICS INTEGRITY IS A DETERMINISTICSefxpatoy
APPROACH TO IMPROVE THE OPERATIONAL efepaao.P

CHARACTERISTICS OF AVIONICS

EOu 1PM ENTS.

DESIGN AND
MANUFACTURING

During the following break you may
lilA? tay to watch a videotape of Mr.

WHAT HEY M AN Willis Willoughby. Hie will tell us the
~ArM nENE avy-s approach to handling the

TO avionics integrity problems.

FLEET READINESS

MR. 4. j. 'WILLS'UG-lY. jR.

DEPUTY ZHIEF OF NAVAL t4EALFOR RM&QA
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MATERiAL ACQUISITION
FUNDAMENTALS T This is the rout* the Navy decided to

go to achieve the operating life they
tI.. wanted

• Reliability is a function of stress;
if hardware is overstressed, it's not

a MISSION PROFILE DEFINITION reliable.
* Analytical cools listed here have one

* STRESS ANALYSIS purpose - to understand- the stress in
the hardware

a OERATING CRITERIA * If the tools are used correctly and
rigorously, the data they produce is

e WORST CASE ANALYSIS equaltoorbetter thansometest data.
• When using these tools, you aren't0 SNEAK CIRCUIT ANALYSIS designing the most reliable piece of
hardware.

0 PIEOICTION/ALLOCATIONS * Military has no requirement for
long life equipment

* FAILUREMOOES&EFFECTSANALYSIS * The bulk of hardware is medium
life reliability

e TEST. ANALYZE. & FIX WITH CLOSEO LOOP REPORTING, ' There are analytical tools
available to design no failure

* DESIGN REVIEWS equipment (25 years, 35 years, etc)
* These analytical tools were chosen

* MISSION PROFILE QUIAUFICATION TEST because they are cost effective for
achieving medium life reliability

- Everything on the chart is done by the
contractor except the mission profile
definition.

• The mission profile definition is the most important thing the program manager has to do.
* If done right, the contractor has been given everything he needs.
* If done wrong, the contractor has one hand tied behind his back.
* The rest of the list doesn't really matter if the mission profile definition is wrong.

• Stressanalysis is simple stress analysis that looks at the stress on the hardware.
D berating criteria is determined from results of stress analysis. (If you intend to keep any
equipment within certain stress profiles (determined in the stress analysis) it must be oerated,

• Worst case analysis is done to make sure nominal conditions (previous analytical tool) are in the
center of the analytical profile.

• Sneak circuit analysis is the stress that occurs due to unwanted current paths. (Unwanted current
paths can be due to component failures, lifted bonds or switchology, interrelated paths that have
not been planned.)
Sneak circuit analysis shows you whether or not, in all cases, the current flow is as anticipated
and there aren't any potential points where a single failure point can Cause current to flow where
you don't want it.
T his list must be done with discipline and rigor.

a JUNCTIOi! TEMAPERATURE IMPACT * A classic example of what you can gain
ON SEMICONDUCTOR REL2ABILITY by dera t inqS* Between tne junction temperatures of

150
0
C and 7JoC. there is a 90OX

small .difference in reliability.
JUNCTION FAILURE RATE (NIITF) CUMULATIVE MPACT * The Navy chose 11

0
0C as a good

TEMPERATURE iMPROVEMENT FACTOR ON RELIABILITY junction temperature.
AEOUCTION IMPROVEMENT * For every I

0
C you derate the device,

iwc -i.* ture0 you double its life.
* With semiconductors there is a

-c - .-- ¢c . 2.3 . tremendous opportunity to improve the
operating life of the equipment by
paying close attention to unction

lre€ -- I rc , z'l temperatures.
* The world *s evolving to junctions

zac .. iiOC IST A 23 IOX 9 (next 5-ia tedrs) and so, the nost
important tning you can manage is

.rc -, re 3*4 Junction temperatures. (hybrid, chip,
and card level)

WC laS 3

S Ire w.t 9'l

.r rc , a
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AFSC/ASD POLICY/REGULATION" ""•-

MILITARY STANDARD These are the documents which will set
forth what we need to do to improve

M integrity (military standard), what to
" TAILORED SOW LANGUACE do (designer's handbook), and who is

to do it (AFSC or ASD regulation).

DESIGNER'S

HANDBOOK

i,

AVIP METHOD

DIVIDES THE LIFE CYCLE INTO FIVE STAGES

e I DESIGN INFORMATION

* II PRELIMINARY SYSTEM DESIGN

SIII- DESIGN, ANALYSIS & DEVELOPMENT Self-explanatory.

0 IV COMPLIANCE, PRODUCTION & CONTROL

* V FORCE MANAGEMENT 
"

A ,I FCCSS T,LE "____ S~ .S: ' '.... :

.4)5- A S"', u~ tI

.- Ami____._E -n

t: .nh~ : ,t* ,o . k ,,Self-explanatory, bit note the
::.:A correlation of this t.able to the next

. Fi .P SoTIN . 4,A clia -t.*, ae-i e chart Stages are equivalent toON 0=0 4, INNN, a FM tasks.

'Alm i ~II RL,,I# i IeI ~

l.,,.*, -- ,I"
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ENJGINE STTCIRAL ITEGORrI PROGRAM.

TAUO IA I. T ....R .- AS

SIN_ DS1 =4 FCV~TEZ NT ENS;JSO 67 PrOS- C-JlL

fNStP MASTER D ESIGNE DUY STIE4T 2NE E W.TAD * PSO 5.
pun CYCLE TESTING [52756 ANALTSIS

DES; SER [I L SO 1 520 0=G IAMT TEST SPEC. *SnuLr SAFETY

REUIREMENTS DSG1 :..!A TESTSS
CA.S*ACTERIZE0 D URTYT 14 [SC [[5

DES"MCL'flDaA DU0116mm TESTS JUS NAIT PLAN self-4eplanahtory.
TPITOALI TESTS10 ~ NL - -

AALSS NIU TAST7S TRACKI556NGO IIII .AND .FUCNT TEST I N[ FORE
II54kmT VNmyA01 STRAIN SURVEY PROL U G )

FLST1111 UPATDOUA &A101M
BOUND&AY DAN 701 751 CONA
SURV11 CONTROL PLAN PUNK IMPI

SIEKIR. ORDUEANISINKC IMPACT

AVIP PROCESS RLOW DIAGRAM At*N1~.

STAGE' 
STAGER

DESIGN INFPORMATION PRELIINEARY DESIGN 1
CRITICA IT
ANALISS

LASTS A SG? =SSAS

.I These two charts lay out the AVIP
p s table into a flow diagram.

2 4 ~ me....Note Chat the numbers at the upper
left corner of the blocks refer to the

I! activities which will b~ discuss& d
throughl th e re.,St of thi tutoial

These activities will be indicated in
the ntes by the following notation:

7 /L AVIP PROCESS FLOW DIAGRAM ACV*__

A t ISIS a25 DIE'ilE P.E1,I coSPLAACE PAOOUCTSON& F I r
CONVEOI. SAMAGEMNT

I T.,

, = S EI' %. ' SL I "R on? 1

IMS~i1VtPM PRODUCTION

I118
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SDEFINE THE ENVIRONMENT
1:-ULL-

MANUFACTURING MAINTENANCE STORAGE & SHIPPING REPAIR

ACTIV 11
The government must define the total
environment for the integrator or
manuftcturer.

DEW P fuT VEL-

EPEAuI V'RAIO
TIME FREOUEMCI

SET DESIGN CRIrERIArO1OLS

DETERMINISTIC CRITERIA.

• VIBRATION 6 DERATING

B BOARD DEFLECTION * JUNCTION TEMPERATURE

e LIFETIME * POWER DISSIPATION ACTIV 01
1.0 The government would establish theT4ERMALCYCLES *FANOUT design criteria and point out the

* VIBRATION DURATION * VOLTAGE STRESS array of tools available to the manu-

C CORROSION *CURRENT RATIO facturer for use throughout the manu-
facturing process. Some of the design

9 ESOIEOS criteria and tools are listed here.
AU TI Two key design criteria are the number

TIMETOFAIL of vibration cycles and the number of
o SAFETY thermal cycles.

DEFINE TOOLS.

, STRESS SCREENING e STRESS ANALYSIS

0 QUALITY CONTROL

ANALYZE THE ENVIRONMENT

ENVIRONMENT

STRESS LEVELS: .CTV #3
Next rthe manufacturer takes the moreCHEMICAL general requirements of the design
cri.eria I5 set forth in zhe RequestMECHANICAL for Proposal (RFP) and establishes the
specific environmental fsctors which

his equipment will need to face in the
THERMAL field.

ELECTRICAL

PARTS BOARDS BOXES WIRING
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3. ENiYIROtU.1EIJTAL ASSESSM4ENT

0 MISSION PROFILE0

03 TEMPERATURE. HIGH & LOW
MAINTENANCE CONCEPT 0 THERMAL SHOCK&T

FP 0 MECHANICAL SHOCK q
e DEPLOYMEN4T STRATEGY 0 VIBRATION (RANDOMA & SINE)

a HUMIDITY &C'rIV 03
FROM 0 SALT ATMOSPHERE. SPRAY The integrator must then analyze the

AIR FORCE 0 ELECTROUAGETIC RAIATION iienvironment and determine the stresses
DC3 AI.ROSIROIO 4w hich all the electronic equipment

OSANDDUST must face.
- 3 LOW PRESSURE (ALTITUDE)

0 ELECTRICAL TRANSIENTS
0HUMAN FACTORS
0MAINTENANCE

0 ETC

IRRAME

a AIRFRAME DATAPIE

______ ~~2. E2 :~~ ~

REMOVAL EXPERIENCE VS AIRCRAFT3

- ARN-119,, Ii ACTIV #3

TACAN :!J iThis graph shows the importance of
goo riestablishing and analyzing the

700 enionet The different aircraft

;environments on this graph yield

Soo I-1 fTACAN. This common Item possesses a

'~ ~ F1~I~'I 4 1jwide range of durability when exposed

2W II00~II j to different environments.

P-11l B-52 KC-135 T-39 C-141
A-? A-10 T39 C-130

AIRCRAFT

MEDIOD

MASTER PLAN

0PREPARED BY MANUFACTURER

0DESCRIPTION OF APPROACH TO SATISFY INTEGRITY REQUIREMENTS ACT IV 06
SUBMITTED WITH PROPOSAL The master plan is most important in

1helping us to assure a quality

0INCLUDES: product. rt Is submitted alonq with
the proposi anI beo sapatfth

STRESS ANALYSIS *FAILURE DIAGNOSIS contract. ant allos a panufactre

FATIGUEto taillar the integrity Program to
-FATGUEmeet the requirements and fit his

CORRSIONbualness structure.

- THERMAL MANAGEMENT * TESTABILITY

* DERATING * STRESS SCREENING

41 CONTRACTUAL

120
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THE APPROACH TAKEN IN THE MASTER PLAN MUST REPIRESENT A

The mas ter plan, then, helps to assure
PERFOMAWAthat we have a balance between perfor-

mance, cost, schedule, and integrity.

INTEGOU- -4I

10. SMESS ANJALYSIS I7

0 RES. PHYICAOR ELECTRICAL FORCE IMPOSED UPON A PART

*CHEMICAL.- MOISTURE. WASH SOLUTIONS. CONTAMINANTS
*MECHANICAL.- VIBRATION. SHOCK. TEMPERATURE
ELECTRICAL - VOLTAGE TRAN4SIENTS. ELECTROMANEIC . ACT IV #19

INTERFERENCE Stress analysis is very important. We
STRSSAA~yIs-need to, define the expected stresses

0 TESAAYI:PREDICTINMAIMUM STRESES BASED ON asdoth eniomn. Fo hs
KNOWLEDGE OF THE ENVIRONMENT bS o h niomn.Fo h

q we can predict the expected lifetime0 SUBSYSTEM - J of the particular piece of equipment.
9 MODULE
- C PART

T RAEITIE~~S NIERN LERAIE
COPTERMALDDDSG OL

TTEMPERATURE

MISUVIBRATION " ALR MDSEFCSCRTCLT NLSSWEAOAS
" ~ ~ ~ ~ ~ 1 PRDCTONNAY

THER121



ELECTRONIC EQUIPMENT ACI i

THERMAL MANAGEMENT ohira

OUTLNE

* PROBLEM OVERVIEW I OULV -VILL PROIDE SO hvC~A600. uIDEF TW ,umwK
WE AXE TIV1 TO RESOV AM PO A PRMMI TO RESOLV THE

* PR OBLEM IDENTIFICATION-

* PROPOSED SOLUTION

BACKGROUND

* THERMAL MANAGEMENT SURVEY AUG 81 1 3AMXGJU11

* SYSTEMS APPROACH TO THERMAL MANAGEMENT AUG892

a INTRODUCED THERMAL MANAGEMENT CONTROL PROGRAM JUL 83

* INTRODUCE ELECTRONIC EQUIPMENT THERMAL MGMT PROGRAM JAN894
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IYULLIFE CYCLE COST BREAKDOWN

WEAPON SYSTIEM WEAPON SYSTEM
ACOUISITION COST LOGISTIC SUPPORT COST

AVIONICS
AVOIS ENGINES ENGNE

32% 1IN AVIONICS ACUTS FOR AM A TOlE OF a WEAPONES SYSTIJ
ACQISTIO MT AN BOU ATWIN OF TOT SVVIEM LCC. (EEARO

IMREMES10 IONI ICS REIAILITY S LONER LUCAN BE SlIMl-

AIRFRAME AIRFRAME FP1CM?.

AVIONICS RELIABILITY DEPENDS ON TEMPERATURE

PIUL IERaTE0 CICI TIE uELIAILITY OF EM? I LECTRONIC PARTS IS A FUIC71ON

as "AOiF WERATIN6 ITEMRTIIE. SM PARTS Aft IPIPICTED F70K TAM OTIERS

by TIWEMTUIES.

0.2

REASON FOR COOLING

*MEET MINIMUM FUNCTIONAL
PERFORMANCE

S COOIN6S IS USED1T ATTEIWT TO CONITROL PART TEMPATURES.

*MEET 'MINIMUM RELIABILITY
REQUIREMENTS

123
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TYPCA MR COOL.D AVIONIC UNAf

ARna VE WITSi IDNTICDJ AL PART aIN QAEAT .LDK. Tit OPERATING
S4-F 1EWERAIIOLS DEM WEAVILY 00 PART LOCATIONS AMS COING. PROVISI04

IDERMUAL PARTS AND HEAT DISSIPATIONS

CURRENT "GOOD" DESIGN

* * DETERMINE PART OPERATING

* TEMPERATURES

*LOOK FOR "HOT SPOTS"
* LOOK FR PART TMPERATURS1WARC OOMoINEtS INDICATES MRT THE STAl-OF-iE-AT AVIONICS

LOOK OR PRT TMPERTURE>105 C UIPME ISIGNAPPROACHES CONSISTED PRIMAILT OF THE FOLLOWING

* REDESIGN TO MEET ABOVE CRITERIA NOCS

*ENTER "TEST-ANALYZE-FIX" DO-LOOP

CURRENT THERMAL PRACTICE

__________________ - APPINGS THIS APPRDACJI TO THE, FOLOINGO APPL CIRCUIT WOARD WITS

TWO0 DIFFEREAI COMPOENTS WITh FAILURE PATES DEFINED IT CURVE 'A AUDill~ ~f Ir AS A FUNCTION OF ADSCTION TEMPATURE. ANALYSIS OF TEUMPRTURES

l m* El VERSES WI.IABILITY INICATES TWO SEPARATE CRITICAL COMPOENTS.

be Aw ,n cU
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H H
E 1201 F1 9c E
A , A
A 1 19 T CASI -IASSUING A SERIES CIRCUIT CALCULAE A ASELINE

FAILURE MTE A OF 1.331. NOTE IF WE APPLY GOOD ESIGN PRACTICE

S S DEBATING POUIIMT IS. 'S' AT 120*C ECEEDS 1I0C LIPITS AND.

1 80*C I00C1  IC THEREFORE. REDESIGN IS I ORIER. S ITCIllG *1 AT 120"C WITH 'A'

N T N *C FIES CRIT IA.
K K

CASE I: BASELINE DESIGN WITH BASE =1331

H H
E F~100 ~ 101 90*C E
A A A A
T IT

SCASI II - INDICATES MEETING DERATING REUIIEMElS GA LS

S -i- --- ------ i S RELIABILITY BY 15%14 THIS CASE BECAUSE CRITREIA AM TO MIISIIZEI T E M E R T U R E R A T HI E T A N MI A X II Z I N i R L I A I I L I Y .

K K

CASE II: MEET 1 10C UMIT- A ASE INCREASED 15%

H H

E E 1".c 90~c E
A A A -
T 245T III INDICATES NEED TO USE RELIAIL TI AS DESIGN CRITERIA.

NOT TEUATURE. L T'' AO"C AM ILIABILITT DRIVER. If 'L At ;JO-"

r-S;- SDE 1:~ SWITCHED IH'*A *.-HKI 3 RYPET I EIIILTT.
I A& Il US:%5AI ALLuAIRITV RNo A.S TE DESIGN CRITEIA. THRARE 'WO COMP04NTS
N 14 14 N Wi CH ARE Ti[ RELIABILITI DIVlERS. THE TWO C PONENT AT 90C1.

K K

CASE III: CONCENTRATE ON R DRIVER A BASE DECREASED 13%
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H H

E 1N1 120*C1 I E
A B IA'" A

S 1S THISLADSUS 10 THE DEFINITION OF THE PI)".

N .123 . .iB N

K K

CASE IV: FURTHER DERATE R DRIVER (At). A Asl DECREASE 21 %

THE PROBLEM

9 SYSTEM LEVEL-

COOLING NOT ALLOCATED TO:

* MAXIMIZE AIC RELIABILITY (R)

* MINIMIZE AIC LIFE CYCLE COST (LCC)
0 CASE IV SHKIS THE IJOACT OF *SELECIVE DEATING WHE-A
A I SSTITUED FOR A AN THE RAULINE RlIUAILITV IS IEPUVO T

AVIONICS S'UBSYSTEM LEVEL - 3ZZ. LCC STUIES STILL IEED TO I CON.DUCTE To SEE IF T iS :FCWI-

DURING CONCEPTUAL AND VALIDATION PHASES: PENT IS COST UFECTIVE AU. RFO E., ALL DESIGN CHAWAS NEED T0

-AVIONICS DESIGN IS NOT OPTIMIZED FOR R EVA.UATED 11 TEM OF LCC.
AND LCC ,

* RELIABILITY INCORPORATED BY "TEST-ANALYZE. FIX"

DEFIRIATION: THER4AL MANAGEMEIT CONTROL (TmC)

THE THERMAL INTEGRATION OF THE ECS

AND THE ELECTRONIC EQUIPMENT TO

I THt S PROI" CAN IE EFFICIENTLY ADDRESSED TiHFRU E THE

OPTIMIZE SYSTEM RELIABILITY (R) AND PROGRAM.

-. . MINIMIZE SYSTEM LIFE CYCLE COST (LCC)

126
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THERMAL MANAGEMENT CONTROL PROGRAM

e CODUCT TMC PROGRMS

o SnTEI ILC a COOUM
* CUISUNG ALLOCAION ANAL

I IMC0WS ACTIITIAT OTH ESYS LVL ELGU AS ± T.

SUBSYSTEM LEVEL.

IS

ELECTRONIC E110Wl
suessmll 1n1sm CONTROL SUIsww l

* CONoUCT ETI PMG TmoE STUDIES
* TIAE ST lIO * DESIGN AKULYSES
0 D =O ANIALTSS * LCC" COMMI

0 LCC as COOMU

_AVIONICS DEVELOPMENT PROCESS

I THE ITiENT IS TO DESIIN IN IELIABILITY AS A FART OF THE INITIAL.
DESIGN PHASES VEIFICATION AC INTEGRATION LAYOUT AND PACKAGIN DESIGN RATIER THAN RELYING STRICTLY O THE TESI-
AV. TM PROG. OUALIFICATION FIELD OPERATION APALYZ.-FIX APPOLINI. THIS1 II NO AYT IS INTEIW TO PVACE ANY OF

TESTING TMC PROGRAM THE PROVEN PETHODS OF IMPROVING A PRODUC'S RELIABILITY BOT 70 SlIppu-
PENT T ES MI HODS AND HELP TO PROiCE AN OVERALL NlTER PRODUCT I
THE ERM.

PROGRAM STATUS

* A. F. AVIONICS INSTALLATION STO - INCORPORATED

* CHANGES TO MIL-STD-7859. IN PROCESS a CuRPNTLTy TK TIN PROGRAM IS BEING I9t IFtm U BE VARIOJUS
P OG A MS INCLUOIR TIHE AVIP. T HE FLIER IS 0 PEN FOR l STIOT .

* DATA ITEMS FOR MIL-STD-78513- IN PROCESS

* PROGRAM DISSEMINATION - UNDERWAY
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ACTIV *11
Now, Mr. John Kaufhold will disculs

IMPROVING d mesigjning avionic equipment teavold

CORROSION RESISTANCE crOIn

OF Roughly .5% of avioni~s failurea
-am be trecod to t he of feet. our

Iolo on t he itemg. The corrosion

ASD~~~~i caO I S S E S .~ used by the Interaction of the
environment with a) maerials that

are not dewlgned to withstand the

aenvLronmen b) contaminationa on the
is urf ac*: tat interact to make cor-
tosIve a~et tha t t hen interact to
deetroy the material Integrity of the
item, end c) poor enlgineering designs
that rovide forathei accumulation of

JOHN KAUFHOLD corro iva compounds.

AVIONIC INTEGRITY
ASID/ENAS

ELECTROICESS NICKEL ON ALUMIUM

.4 We have seen corros ion of connec-

e. tor beckahtlls due to Incompatibility
between the baud metal and the top-

~ . I plt~ng eppIlod.a'A goodv inacance of

tv 4 A l hi is eluctrulese nickl ,ioating on
aluminum as can be shown by Slide 2.

All services have experienced this

SAEROSPACE ARP 1481 problem. Yet the solution-

PRACTICEOE - mlimInation of nickel coating on ado-

C " ' ~ RATCEmnus Ia (tat fothcing. ItI

e ffortsa to assebid and use pto..C5

~~fl ~- woue !',.- ,,~ document that look. 4oud yet dIoes not
work well in fielded equipment. An,
exonpl& is the S&E Aetoace

"'"'' ecommanded Practise ARP 1481 op-

S~. . . *~C*. C ' ~proved In November 19d3, lees thn
s six.-'.",C, . ale ntho ago. (Sl1de 3). T!,i.

un~tcnsdocument sows that nickel on "ai..s

*,~ -C.,-"S' *C~~C ~ C~*C'no.is compatible. It is the -ne oi

.,,.,,,. ,.... ,....,..,.e.,.. .,. -docuens like these, without knowing

* ~ the environment the %Ill be used In.
C-..,- ~ '~. ~Cpht gets us Int t rouble.
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- To emphasize the impact that the~* I I fenvironment has on equipment we hasve

H I' - what we call environmental desAn
its on theoe No. I(Slide 4.). That i.:

etin dad on all non-hernet Lcally

~ ~ *~;;~~: selddvkonic equipment In DOD

.............. and the basic ambient environment
....... impacts on much of the equipment.

............. IUntil alternate environmental controlI~- ___systems are used. we will be subject
.... .. to the problem of environmental

Theorem No. L on all our avionics.
L*.:::,::,The threat of chemical agents being

ELECTR...L.S They break down to form corrosive

compounds to complicate our dsg

.............. ...... for corrosion resistance.

.I.. .. . .. ... ... .

ENVIRONMENTAL DESIGN THEOREM NO. I

MOISTURE AND

CORROSIVE VAPORS WILL

GET IN AND ON ALL NON-

HERMETICALLY SEALED AVIONIC
We realize we have problem-EQUIPMENT IN' DOD SERVICE. what tools ore avilal. to use to

reduce or eliminatethe problem?
AFSC De. n Itandboo 1-5 Environmen-
tal Engineerin4 (SILd~e 5) has beer.
saalanle since 19b6, yet It is not

Use d or CAl~ed out for use .3n our
contracts and vnstem speciticatlons..

tadrses all nynteta and environ-
01wittnte fr6 SPC gMIround to space, and

CRTRI11"1CULCIN HNMN ..sm corr .. " preven'ton anid control with
respect to the onvir nme t.

CHAPTER 4 TR5ANILN15 (fthl iNSOMT5

tHAPTR I 41EOStiI MATEIALS.

CHAPTER I AMScuwCI IENr isobsegen

CHAPTER I MENERAI,

AFSC DH 1-5-

ENVIRON;,1ENTAL £

FIRIST EDITION
10 MARCH 1964
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NAVMAT P 48552

DESIGN GUIDELINES
FOR PREVENTION
AND CONTROL OF 1-nag,. -

AVIONIC CORROSION
AVIONIC DESIGN RELATED TO
FLEET ENVIRONMENT

TAILS - 75 ocr or~ "OI O UIPMVE5N O$U1OH

0os"
• Ig.F a. Vis 8l-29SIOti 'Sitf SIINur .- 111 in W ll i p t 0 e.i in41

Us oea otocia co al o ia slIa a oil tfli
• US' 0.4414 ".lfes a € O v~fr all On c af+ n -led .. q Causest4

CiSS "t -IitiK.bi 5 me Cgleitsssts19 to in I.5SI specifit les ionl

Coeisttt-eo9oco ion"lO Crlog. Waniog qqdoiotioouetelso
h sue to I oagoi (revuae nOdl Oveto'~l io-tt n alq oeoqU. QSIY VeIKO-U l00o"IS ftlCllOSeJ~d -%40O-ls Do we have any specitc milctanry

Us.O ye o' Ut wO VOINK 
specification or tandatrd thac ad-.

* Ussel ticct I o'I' do Coooo. o oeststs,W os lto t odI MMI-mISt dre iss corros ion prevent on and won-

AolselO Coqibi. stlf- g.r v erl In l he ds it n of i onlcs equp-.

a OUSlt 41.1te 1. 0otelo#leo WPMt e tOOI. at otiOS ot siesi stnda0. r rdund suppor equoprtedlts All
•Use a l."e $IIt"k.U..,-.UOi 'v'nq hals HIL-STD-du8A. Aircraft have nXL.-'.

Us U.. " .I -st ''unm oeOnt ac-Cl~lins STD-1.566
' 
And i~dT. Unce deployed, we""

• Use ,812
he

*+114 r,, s .. i,,,ta os.1 € Iie. Ntrm , onlIJrlll Pas-m .0ll~l
D41l~ OWSl .lU1it 11 ...... have LO loitc tLc c=hnlti orde rsl, No.•-

•Us# 0lMor.1tas, o l.O1~h¢n Notl Sltrt'$ rS hI. C "001 -a-I 11t4 an RL Standa r4 exists C fo r the desigt n. AL L -

* sIivcovIIodfItgssost
$
oaa'

1 
lutd 01955*' services have this problem with elc-

* Seuo telueeeto d seflworots 011 ent lSoire0e t0i lam g W Ie.ol rronics. The Navy has it especially

* Us. oen-c .. 04 .le Cl5mb* bad because of the Installation of
* UNoolfi lesiON 05ccIs0o+srlcU0OOleO'lC.i ll|oUi dltietOU l LrcrefL on low freeboard Ships, for

" * a L C 00- exaple diescroysre. and salt air and

*I.lo. $me S .estsores .cooolls nQe lSonM0 water a round thcls in a heel phllerical
*.Q, IOV -aoo, 1alootIV pattern when an sea maneuvers, for
us It Do. h et *exampl, on a carrier. They have
Mon' 'nt eotc ll # m.ot t lnors ON OW SCeg dt tlKo uhol bn 1 Instituted a program where they have
.uMsoPClosa eto"e ooot"liV. lW taken all their lessons learned and

u se s ys tem 1 1 S . ,.I incorporated them Into a document to
Use oo' s t- aam omn re O t Olttl~ltsl 5a tm0
Ui 0'r011

0 
Ma

l
5 ittod c0-0

1 l
00005 51mist t%': o so eootos Ioe be used during development of new

8. 1,11 -oluos , , .... . 1' -1 System avionics. The document is
Uw n *eciloes eco'i *ct -J0toiit v t;i otl NAVMAT, F 45)- i I , it e e Dee i cn

of AVionic Corrosion" (Slide b).

*t Islrl onneso 1oocou's jo'e 4"sWtats They requi re the ue of the document
Gelt, ', litOOOCnO t0 COCnsO I 0.Ui t che contract Scatement of work and
o tiol+tIt'te aisesis the design against rho cr1-

teria specified therein. Since the
document is "guidelines", the design
criteria is shown as a list of io "
and "don'ts". To give you sose idea
of the formet, the next two view-

graphs (Slide 7) - DO's and (Slide 8)
- DONTs are taken from the NAVMAT
document.
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Tho ocher services also have

aircraft in their inventory withANATOMY OF AN ELECTRONIC BLACK BOX avionics that have tbe sa e problems.
The US Army Development and Readiness
Command have taken thair lcssons

1. MAKE SURE BOX CAN BREATHE IF NOT HERMETICALLY learned and incorporated them into apackage called the "Anatumy at an
SEALED. Electronic Black Box." The Viewgraph

(Slide 9) shown here was tcen bodily
from the Army iandbook that supple-2. INSERT PRINTED CIRCUIT BOARDS IN THE VERTICAL POSITION. ments the Prevent ion of Material
Deterioration: Corrosion Control

Course presented by the Logistics3. LOCATE ELECTRICAL FEED-THRU CONNECTORS ON THE SIDE. .Engineering Directorate at Rock
Island, illinois.

4. LOCATE CARD CONNECTORS ON SIDE OR BACK. NOT ON THE -

BOTTOM.

7. SEPARATE TO THE MAXIMUM EXTENT

S. USE SIMILAR METALS ON CARD CONNECTORS AND PRINTED POSSIBLE POWER, RETURN, AND GROUND

CIRCUIT BOARD CONTACTS. LEADS IN CONNECT)RS AND PRINTED

WIRING CIRCUITS,

6. DO NOT USE MATERIALS THAT MAY EMIT CORROSIVE VAPORS.
8. MINIMIZE THE USE OF MAGNESIUM

AND COPPER BEARING ALUMINUM FOR
THE BASE STRUCTURE OF AVIONICS

The basic elmnents shown are also
distributed within the NAVMAT "Do'5 9. ASSURE THAT ALL NON-HERMETICALLY
and -Don'ts" lists. Becaue of the SEALED AVIONICS BOXES HAVE DRAIN
importance of these criteria, a short
review of the rationale for them is HOLES.

warranted;

I. If the box cannot breathe and 0
is not hermetically sealed (hermetic 4. Locating card connectors as
means gastight), thermal cyclintg of indicated will eliminate the possibi-
moisture laden air will allow water lity of the bathtub effect of water
in but not out. Water will accusa- covering the connectors and causing 7. This element is necessary be-
lace and fili tile box, Ionic cOol- shorts. Because of the configuration cause certain solder cunditions
taminnlte inaide, either carried in of the card connectors, when bottom cause dendrites to occur and bridge
by the gas or let as a result of the mounted, the rear active surfaces circuit paths. It the power paths
proices, will become electrolytes have the same effect as a horctontal are adjacent to each uther, shorts.
that cause short circuit p tie as the board And are subject to the mnan. will occur with very little dendrite S
water level builds. The box function Conditions as item 2 uf the previous growth and destroy the power feed
will be degradeo or lost. viewisaph,. path or connector power feed pin.

This situation is also present if an
2. Moisture inside the box will 5. Dissimilar metals are a serL- electrulyte droplet falls across two

condned due to thermal cycling. If ous cause of corrosion and the loss adjacent power leads. Using this
Ell, boards ie fiat, water droplets of electrical continuity in avionics criteria will require much greatercn b aduse aftou circuit path&. and electronic systems because of the amounts of dendrites or electrolytes

it like budrde are vertical, the call- inherent reactivity in the presence for the shorts to occur. The amount
deusation will run off. Also the of am electrolyte. use of sLmilar required may never be reached if this

heat aeneratnd tnrough component up- metals will alleviate the problem. design criteria is used. O

eration will cause thetmal currents
that can self dry the boards. 6. The most commonly used wire 8. Magnesium and copper bearing

sleeving is polyvinyl chlurlde. It aluminum is used where lightweight
3. Feed through connectors lo- is cheap and in a benign environment and high strength are desired. The

cated on the bottom can have their it is effective, However, when sub- higher the strength of these alloys.,
rear surfaces quaI to horizontal Ject to heat, it decomposes to re- the 'ore they Are susceptible to
boards. Moisture can condense and lease hydrogen chloride gas. corrosion. Avionic structures do not
flow into the recesses where the pins Chlorides are the most commonly -ound ltinally need to b, super high
are. it can also seep down by the contaminant on Avionics nquipment. strength or supcright.
wiresleeving where it goes into the When hydrogen chloride -ixes with
connector grommet. Electrolytic water, it forms hydrochlori

0 acid 9. Remember 't I sold design
solutions will inevitably reach the which in an enclosed environment ill the box to breathe. A bcX cn
electrLZLly active pin surfaces and attack every open metal used in breath it it has louvers hi1h u..
short across circuit paths and cause .. Ionic systems and cause them to Yet it can still have A bathtub
failure of the box. corrode. The corrosive by-products effect if there is no solution out-

can become dielectrics that cause let. Collection of water will create
open circuits or bridge across cir- the carrier for corrosive electrolyte
cult paths to cause shorts. Both formation. The train Is tuerct ore
cases cause loss of function on the required.

Black Boa.
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flucaus,. of tdi, Iap.rtallco of a

drain hol . correctly designed one
THE ANATOMY OF AN ADEQUATE DRAIN HOLE is required to perform as intended.

Therefore. from the same Army hi.dout

we have the Aoatomy of a Dr..inholc"

I. DRAIN HOLE MUST BE LOCATED IN THE LOWEST (Vicuraph 11). The following

PORTION OF THE AREA TO BE DRAINED. rationale shows the importance of

paying attention to detail on Some-

thing often perceived as mundane.
2. DRAIN HOLE MUST BE LARGE ENOUGH FOR WATER The key is underatanding the

TO RUN OUT. materials properties of the elements

that interact to affect the opera-

3. DRAIN HOLE MUST BE LARGE ENOUGH TO ALLOW. tion of a drainhole,

DEBRIS TO BE REMOVED WITH THE WATER. 1. if the drainhole Is nor In

the iowest portion, the "bathtub

effect- will still occur and electri-

4. DRAIN HOLE MUST BE LARGE ENOUGH TO ALLOW cal components in the box will become

A PROTECTIVE COATING TO BE APPLIED TO subject to corrosion and short tit-

THE WALLS OF THE DRAIN HOLE. cults. The attitude of the box in

both flight and ground storage must

be considered when locating the

drain hole(s).

2. If the drain hole is too

small, the surface tension of the en-

WHAT ARE WE DOING - ENA trapped fluid will not allow it to
flow out and the "bathtub effect"

will be reinforced.

0 Developing corrosion prevention and control 3. if the hole is too small.
corrosive by products developed may

requirements for the Avionics Integrity plug the hole and create the bathtub

MILPRIME standard. effect.

4. if the drain hole its not pro-

Identifying state-of-the-art materials and tected, the electrolyte can cause

packaging configurations to be included the development of corrosion by-
products that reduce the drain hole

in the MILPRIME handbook disater and subsequently plug the

drain hole or reduce it such that

t compatibli ty and surface tenion of entrapped llq uid
Addressing allows the bathtub effect to occur

corrosion prevention simultaneous requirements and cause shorts in the box. This

with the AFWAL/ML program. development of the drain hole pro-

video an example Ot the thought pro-

cess and attention to detail that is

required for selection of matertils,

design, and engineering procesaes

required to develop avionic systems

that meet Air force mission require-

mens.

ADDITIONAL SUGGESTIONS

0 ADD SPECIFIC GUIDELINES TO RFPs whet are we doing at ASO to il-
still corrosion resistance in our

avionics? de are addressing it ds d

0 EVALUATE- PROPOSALS IN SOURCE-SELECTION requirement in the Avioni s ntetriLy

AGAINST THE GUIDELINES Progran by inc.rporating it as sh.wn

(Viewri ti I.). If particular

interest i the .at buleCt because

ASSIGN CORROSION TRAINED AVIONICS of ppwrtntly :,n1ictnJ& r4r-ire-
E Rtt of present de6lns

' 
This 1.

ENGINEERS TO CPABs Illutted by the eiectroLe.. nik.el
ex,,ml,le ceterentced earLier in -.he

PROVIDE THE AFALC TAILORED CORROSION pre.v ftrtion e

AND PREVENTION LESSONS LEARNED
PACKAGE AS PART OF THE RFP PACKAGE
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CORROSION CONTROL FOR AVIONICS

- Who to contact We rca use the following addi-
tional suggestions (Vi*wgrsph 13) to
enhance the proliram. We plan to use ---
the NAVMAT philosophy to develop the 5
frict two bullets. From a corrosion
control viewpoint, we would like to
see cOntractors assign eaterials

ASO 41TNR FiR THE USAF ORROSC3 pff.". engineers to review and approve elec-

JCHM COM!W1 ASUEVSS 5471 tronic design and manufacturing
processes and to the corrosion pre-

ENA FOMCl POINT FOR AVIONICS Cm#IS[03 C:MTRO L vention advisory board (CPlA's) shown

IDIN IUFHOID AS/E.IA/AVIP - in bullet 3. Materials of bullet 4
can be provided in a sanitized ver-

AFIIAL TECNICAL ;!A AGER FOR CORROSION CTMITRL sion with say request for proposal S
( FP). AC ASD, the cognizaac people

RENNIE CO lE1 OFAL/RSA 55108 in Avionic Corrosion are the follow-

WUL AVIogIC :RMNN Far$LE% La (Viewgraph 14).

gS
VEIFY DESIGN

" ANALYSIS

•DRAWING VERIFICATION

" TEST ACTIV #13A test, analyze, and fix program can
be used to assure the design is going.

EFFECTIVE IN PRECIPITATING OUT FAULTS BEFORETHE to be effective In the expected
SYSTEM IS DEPLOYED environment.

APPLICATION OF INCREASINGLY COMPLEX ENVIRONMENTS

COMBINED ENVIRONMENT RELIABILITY TESTING JCERT)

e TEST TO OBTAIN FAILURE &IMPLEMENT FIXES

p DESIGN REVIEWS

.. I AIOXICS i

ACTIV .13Dr. Bill Dobbs will now discuss
failure diagnosis which could be used

~ ~ *, ~in a test, analyze, and fix program.

'21 MAY 19a4 p

DR. BILL DO.
AFWAL I IVLSA

WPAfr, CH
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*FAILURE DOCUMENTATION

*RESEARCH DEVICE CHARACTERISTICS Sl-slnrr

e mNDEPTH COMPONENT ANALYSIS

* ESTABLISH FAILURE MODE

e CORRECTIVE ACTION

ELECTRONIC FAILURE ANALYSIS

o SE & TEN

o SURFACE ANALYSIS

oCHEMICAL ANA.LYSIS
o CERTList of ele!ctronic failure analysis
o CERYtechniques.

o SAM4PLE MOUNTS

o ANGLE LAPPING
oTHERMOGRAPHY

o LIQUID CRYSTALS

0 IR MICROSCOPE
o VIND

o IRE BOND PULL TESTER

o PROBE STATION & ELECTRICAL TEST

- The next two viewgraphs are photographs of two instruments used in electronic failure analysis
* The first viewgraph shows an engineer using an optical microscope to examine a failed !ntegrated

circuit
*The second viewgraph shows a specimen being placed in the scanning electron microscope

(Not shown in notes)

scanning electron microscope (SEM)
used to measure electron beam induced
curent (EBIC) in semiconductor device
Semiconductor sampluj is piavd in thne
SEM and tine sample current is meaLuured
bythe logarithmic amplfief before
it is displayed on the x-y plotter.

* Dark arrow represents electron beam.
I . Provides information on thne minority

6. carrier diffusion length.

LOG REC
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Shows how the electron beam strikes
the sample

IS Output curent vs depth in ESIC sample

3

- Angle lapping of Ea' led device which
is mounted at the angle .x

- S a mple p oIi shed it s mall1 a n gle
(enlarges and exposes regions below
the substrate surface)

- Semiconductor is stained to establish
the different p-type and n-type regions

-' *Anjle Iappinj p.ermiats the measurement
ot diffusion depths or ion implanation
depths
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* A photograph is presented showing an angle lapped sample (microwave transistor)

-'U UID CRYSTALAALY .S-S

* Liquid crystal analysis shows use of
nematic liquid crystals to identify
active circuit elements
The circuit is viewed through the
co~Ver glass with polarized light

COVERGLASS * Liquid crystals above a biased
conductor are oriented differently
than those above an unbiased material

IUD= IPolarized light shows difference inI u 0 , -LI ' crystal orientation

%COMMUTRS\-

The next two viewgraphs are IR microscope images of a CMOS capacitor - the first Is a top view
and the second is a bottom view

(Not shown in notes)

The next viewgraph is a photograph showing nailheading and a crack in the inner conductor toil of
a plated through hole in a PWB

(Not shown in notes)

CI 4 'CAL ANALYSIS METHODS

."INFRARED, VISIBLE & UL RAVIOLET ABSORPTION

* RAMAN SPECTROSCOPY

9 X-RAY DIFFRACTION
- Methods of chemical analysis which are

." ATOIC AI SORPTICN used in electronic tailure analysis

" CAS & LIQUID CROMATOCRAP Y

* MASS SPECTROMETRY

e WET CHEMICAL & MICROEL- .EN TAL ANALYSES

136
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........... ... ....

*Shows, a chematc ofsan intertarometer
____________ used in Fourier transform spectroscopy

7W;0

7~f

- Z:- M

uhose tomk th Fourier transform ctu

~~ olaietiono usterful daafomvr
* .w ak s q al n r s l a n q ic n

acuaedt euto

~~, _

- -~'. ,.,. .z-
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D6

A.u&* tJ.ECYIo S[cseev ]m * Surface analysis techniques used for
Svctmascov (AES) MIss SptcTbeSCw, (SIs) the detection of contamination or any

c1 changes associated with a thin atomic
-,SURFACE A 3 A L Y S I S. layer

* • Schematic representation of four
surface analysis techniques

, Illustrates the interaction of the
excitation beamwIth the surfaceunder
examination

A-RA PloTocCTIao. loe SCATtaiils

SPECtnOsCOy (ESCA) StcTMsc0Py (IS$)

.L CM 25

" oN -vf )A PHOTOEL[CTVON I

• Descriptior. of the Aager and

photoelection processes
AUWR ELECTRON

A ORI

138
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SLTT ACE AAS, yc'c
€ TEri-v"'T"rc

________" D ISA!ArTAGES

Iss
GOOD SENSITIVITY PEAK OVERLAP 0
MAPPING CONSUMES SAJYPLE
SEMI-QUANTITATIVE ROUGHNESS SENSITIVE
TOP LAYER SENSITIVE MATRIX EFFECTS

NO CHMICAL INFO

SIMS., -..

ALL ELEMENTS STRONG MATRIX EFFECTS * A comparison of surface analysis
HIGH SENSITIVITY CONSUMES SA4PLE techniques
CHEMICAL INFO PEAK OVERLAP
SEPARATES ISOTOPES ORIENTATION ROUGHNESS
MAPPING SENSITIVE

ESCA •

MOST ELL-ENTS SLOW
CHEMICAL EFFECTS NO ISOTOPE SEP
SEMI-QUAN'TITATIVE H Re EXCLUDED
MIN MAL SAMPLE DAMAGE NO MAPPING LARGE AREA

AES S

FAST E-BEAM
MAPPING SENSITIVITY • 0iX
MOST ELEMKENTS NO ISOTOPE SEPARATION
CHEMICAL EFTECTS R Re EXCLUDED
SEKI -QUANTITATIVE PEAK OVERLAP
METALS INSUL. SC P
NOT CONSUMING

SURFACE ANALYTICAL TECHNIQUES

QUAL. QUAIT CHEM
ANAL ANAL BONDS

AUGER ELECTRON A B C
SPECTROSCOPY

X-RAY PROTOELECTRON A B A * A comparison of surface analy'sis

SPECTROSCOPY techniques

SECONDARY ION A C B
MASS SPECTROSCOPY

ION SCATTERING B A C
SPECTROSCOPY

A - Very Good
B - Useful
C - Fair to Poor
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34*, / Iwo~ WIll M0gIC * totI A schematic representation Of

S E_ CVIW CYLIN(U SHIEL instrument used for AES and ESCA

SPUt~ 11ATIM11

Irl(S SIOL ISS SICWAI

*A schematic representation of
S~.. c ntument used for ISS and SIMS

.UADRULOLE KASS ANIALYZER-

EVERCY FILIWR' SCATERED IONS

I SPECI'4EN

SPUTTERED 10.~4S

_______________ *Shows Auger signal from a cathode
d _________ *The top curve is for a contaminated

-~ . ~ =eo~hd ~cathode
The bottom curve is for a cathode

__________that isn't contaminated
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The next two viewcraphs are in reference to the previous viewgraph (Auger signal from a cathode)
The first shows Auger maps of an oxide cathode

' The second shows Auger maps of a contaminated cathode

(Not shown In notes)

-'k -. MAJOR SOURCES OF ELECTRONIC FAILURE

" IMPROPER MATERIALS SELECTION
* Self-explanatory.

" MANUFACTURING PROCESS DEFICIENCIES

e INADEGUATE SPECIFICATIONS
p

9.-

T The next three viewgraphs concern a certain failure analysis project
* The first viewgraph contains a photo of a munition
* The printed rcult boards are separated by a polyvinyl chloride (PVC) vibration dampening foar

m Mechanicall, the dampening foam worked well but chemically the foam released chlorioes whicn
collected on the printed circuit boards in the device
The transistor failures were traced to chloride contamination and small amounts of moisture caused

severe corrosion of the chloride contaminated printed circuit board
t The second viewgraph shows a chloride contaminated transistor from the munition (dare areas

represent where it was burned)
* .he third viewgraph shows a FWb from the munition with chloride contamination from foam

(Not shown In notes)

* rThe next viewgraph is a photo of a PWB contaminated with corrosion products which snort out the
circuits

* This unit was received new from the manufacturer, stored for nine months, biased, and identified
as a failed part

* :uring manufacturing, solder flux residues contaminated the board and weren't adeaiately
cleaned from boards before conformal coating

* Wlt the addition of a snal! amount of moisture, entrapped contaminates easily caused corrosion

(Not shown in notes)
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* The next two viewgraphs concern a gallium arsenide diode that was failing at a high rate
* Tne first viawgrapn shows the chip sitting on a header and the light area on top is a gold
contact

* The chip was pressed into silver loaded. conductive epoxyI The viewgraph shows a cross-section of the chip
*it shows how the conductive epoxy was flowing around the diode edges and Shorting out the p-n
junction

*It was determined that move care wae needed in placing the dioda in the epoxy

(Not shown in notes)

*The next two viewgraphs concern a hybrid package that contained 41 moisture*The first viewgraph shows the hermetically sealed package*The package passed a fine leak test -Indicates the moisture was sealed in during manufacturing
- * The second viewgraph shows the gross corrosion on one of the IC's in the hybrid

(tiot shown in notes)

The next two viewgrapha show a failed power supply that had potted modules soldered onto themotherboard
Poor Potting Procedures caused solder cracks in the modules

*in a redesign, the modules will be conformally coated

(Not shown In notes)

.................... .......

......................

. . . ... ...... ....

*Example~ at .-omputer aidIed transient
analysis of a circulr
*Accmp1~shxi wit.- the SPICh. prociram, a
general purpose circuit si.mulation
program developed uy thie University of

hypothesis examined in ways that are
impract ical experinental ly
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' The next four viewgraphs concern a potted module
* The first viewgraph is an x-ray of the potted module and shows the IC package

* The second and third viewgraphs both show the exposed IC and it can be seen that it's of off-

shore vintage
* The fourth viewgraph shows the IC with the lid removed and shows excessive bonding

I

(Not shown in notes)

" The following four viewgraphs show a thin film chromium resistor
" The first viewgraph shows a failure in the resistor (arrow)
" The second viewgraph shows a failure in the resistor that occurred at the corner (arrow)
* The failure was caused by electromigration of the chromium into the aluminum
* The third viewgraph is an optical shot with the arrows marking contamination that's visible
through the glass coating on the resistor
The fourth viewgraph points out the same two failures as the third viewgraph

* Glass was removed from the resistor in the photo
High package moisture content and contamination accelerated the failure

(Not shown in notes)

CONCLUSIONS

o IMPROPER MATERIALS SELECTION, MANUFACTURING
PROCESS DEFICIENCIES AND INADEQUATE SPECIFICATIONS
ARE RESPONSIBLE FOR 83% OF THE ELECTRONIC FAILURES

*Self-~explanatory.
e ELECTRONIC FAILURE ANALYSIS IS A HIGH PAYOFF AREA -

A KEY TO IDENTIFYING AND CORRECTING DEFICIENCIES

e CORRECTIVE ACTION COST IS USUALLY LOW FOR
MANUFACTURER -1,01 IS USUALLY HIGH FOR AIR FORCE

a PPODUCT ASSURANCE IN ELECTRONICS NEEDS EMPHASIS

'43
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CONTROL FABRICATION4

MANWJACIURNS TOOLS

* STATISTICAL. DUALT CONTROL
* INPROCESS INSPECTION

* SAMPLES
* MANUAL DATA BASE

*TRACKTENOENCYTODRIFT ACTIV #15

* DIRECT PROCESS CONTROL Self-explanatory.

a ON-4JNE INSPECTION
- 100%

- AUTOMATED DATA BASE/DATA LINKS

REAL TIME CONTROL
* EARLIER IN-PROCESS CONTROLS

* STRESS SCREENING

I FAILURE DIAGNOSIS

o PEOPLE (WORKMANSHIP)

PARTS (MATERIALS)
. pROCESSES

-DESIGN
* FAILURE FREE ACCEPTANCE TEST

STRESS ScAEN?9G '

HEAD UP DISPLAY SYSTD( STRESS SCEENING ACTIV 115
MARCONI AVI0ICS LTD.. INI.ESNT. ENGtAND Here is an example to show the effectthat Stress Screening at the lowest

COST OF NI SCREENIlr level of assembly can have on manufac-
COSTOF ASsUNE5.: I AsSLM 26" turing cost. Marconi Avlonics LTD

TGTALPARTS TOTAL SC IN F RIAT UNIT 70;,_ definitely experienced a savings.'EAR SC9EEAL PARISI DFETIESCREE:T) DFECT DEFEC'TIVE .Note that the money fIgures are In
lJOCA .1368English pounds.1980 1,80 14.$K .2 17:.6. 280.5K i07.,K /.n h d"

198, 1,73cK 15.51 .89 215.3 . 292.aX I 92.9 ,,0 .36K

WJ SAY)SMS 'R4TW
1980 913K i.6:1

1981 920K i3.9:1 '-

PARTS: HIGH RELIABILITY ".E P I¢IS MIL-11-381510 LEVEL B . ,

SCREEN: 7!L-ST-8E3 GROUP A TEST "-6*

i@:i

ESSEN IS EFFECTIVE

4 IDENTIFYM ORE

- DEFECTS ACTIV #125
Mr. Phillip Hermes Will now explainswhy environmental stress screening

XIENTIFY (ESS) Is effective.
LESS

• 'S DEFECTS

0

PARTS CIRCUIT UNITS SYSTEM FIELD
BOARDS

PHILLIPH HERMES
NAECON 84 ASO'YYEI IX5684S|
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OVERVIEW

* ESSEH EFFECTIVENESS

* TRADITIONAL FAILURE DISTRIBUTIONS

* CONCEPTUAL APPROACHES TO ESSEH
[1F E0.PI..ASATOiY

* PARTS

* CIRCUIT BOARDS

* UNITS/SYSTEMS

* STATEMENT OF WORK APPROACH

* SUMMARY

c
ESSEH TEST EFFECTIVENESS C Til TEST HAS 0116. tO E..LATE III TEST EFFECTlES .. ..............3 LEVEL OF ASSEMBLY.

96 MISSILE GUIDANCE SE-tIONS G so0.s OF 13 ccuT WIDSo NEA EXPO TO No SCREENI TO DIFFERENT TI :

OF SCEEHS.

% GUIDANCE SECTIONS 0 THE NO EISS|N CATEGOT HAS THE 'CO. tOL' CATEGORY. WICH REPRESSNTS I0A001I0C
AL

THAT FAILED

PRODUCTION TOE SA.TULS INDICATET:

13 CIRCU'I BOARDS FUNCTIONAL RELIABILITY
CIRCUIT BOARD PER GUIDANCE CHECKS AT ACCEPTANCE "20C101* TE"PEHATURE ATES ME 001CI .S EFFECTIVT AS lCIMoi H OOLMIATING .AYEM7

TEST CATEGORIES SECTION ROOM TEMP TESTS EFECTS AT THE CS LEA'_ OF ASSEMBY.T.

SUNSCREENED NA is is *2Dc/INTO s T,.L ROST COST EFFECTIVE DSTRISUTIO. OF DFCTS FO A MHT1COC I 1 •OSA

*TEMP CYCLING (32-7-9).
10'C/t NUTE F 12 iB OiRDe POWER 'ON' IS TWICE AS EFFCTIVE AS POWER TF" AT t 0 LEVEL.

20OCMINUTE 19 1 'UHIT OH SVSTEN' LEVEL1 fSCTIOOO. CRECS SOR SCREENS ME5 MOE FOECTtIO10E XAA'

YO OENTHMOCE CHECKS TWA. FOR STIMULATING LSEST DEFECTS. THUS. T.E E $1001S 000.0.4

POWER ON 1311 11 TO STIMUILATE LATENT DEFECTS AT THE LOHER LEVELS OF ASSEIMBLY AND ('C-I lE O CWC•

OFF AT THE MISEt LEVELS OF ASSEMB.

0 TOIS TEST A5 D0SIGNED TO SEPARATE TOO EFFECTS OF DIFFERENT SCREENS FRO A .TATISTIC-.

NOTES: 0 CANNOT ACHIEVE 20'CMIN AT UNIT OR SYSTEM V 1E PCIN. IT A.0 INCLUDED CS EXPOSURE TO 6. 12. 24. AHD 4 TENAIL CYCLES,. H

SCREENS 24 CYCLES FOND TO BE MOST COST EFFECTIVE. THE CS TEMPERATURE EXTREMES WERE 
.

00"

* CIRCUIT BOARD SCREENS PRIMARILY USED TO 7o .750C.
STIMULATE LATENT DEfECTS

* UNITISYSTEM LEVEL SCREENS PRIMARILY USED TO D S00000 FEOUCZD FIC1.0 RITUMOS ST 11.
CHECK PERFORMANCE

ESSEH COST EFFECTIVENESS - EQUIP. SYSTEM "A" 40 H
l EUIP 4NII S"ST1EP -0* 19 1 COpnVIP[ AItC•11 A RT 1110 YS WIT" 27 m. 58b CIRCUIT Soot-
AHS 47.302 ELECTROoIC POTS.

H TEST COSTTEM S0.69 S262 14.600 NA 0 TOO P*ODUCTITH COST FLGUES HlST DEVELO D S' A STUDOSY O MANQUOS CONSUIC AT 13-

* 0FIX COSTOEFECT $68 S246 S.) 4 6 S CIIJIT 5000 SCCLEEES. 16 000001. CircLS. "
0

C To -% c. .50 / o. "ODE "."
* DEFECTSJEOUIV A8 19 4 NA a ANOIE CAR O w-E IMST ISTE OCS TO

SYSTEM 10416 CBS) t27 UNITS) I SEIN O MEASURE 3F ES'
COST EF"ICItEIESSS.

COST PENALTY'SYSTEM FOR NOT CONDUCTING CU SCREENS I THE EXAMPILE 61VE* ASSRES THAT OMIT LEVEL SCREENS E IS AS EFFECTItVE IS C! II

ROMP SCHETqS IN T"l0.T 00, I ITMOT A-R TT (U11N1 AM0 SYSTEM SCOT ES MILL ALWAYS

O CIRCUIT BOARD SCREEN . NO *PICK UpIo PeROORIANCE AOMALIES NOT DETECTED IT THE CIHCUZT E010 LEVEL.

DELETE CB TEST COST S069 X 586 . S404 0 TRV SYSTE

DELETE C11 FITLEV SCREi.S CAAR01 f.IfV[ T COSCOST 568 E4".="3.""

TOTAL COST REDUCTION S3 668,SYSTEM TEMEQAT.-RE RATES 215C: 0 .1O.. . .. .

H1 170'W.ULD I1 NOTED TWAT1 CIOCUIT BOARD (ITERS 'PR0 OVIE 1..1 O1C'IV CDT .OD
UNItrSCREEN . YES, 50% EFFECTIVE SCKD'.1L SAVINGS FOR TOE CCMTR0 C!OE: AS WELL AS 1.050 -- I ,D

ADD UNIT FIX COST S246024 X 05.800 I"OMTT10'T I. YlS.ICO :1EETO.

ADD FIELD FIX COST 04 000 X 24 . S96 000

TOTAL COST INCREASE: STOT 236/SYSTEM

COST PENALTY: S9E.2361SYSTEM
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ESSEH SCHEDULE EFFECTIVENESS C
0 PRAT c

PART VENDORS CS VE oORS AVIONIC CONTRACTOR 0 H TEST TIDES SHO MRE TEST TIME RIGS. THEY SO OT INCLUE O -TI "

MIL-STO SCREENS NO REDS UNIT LEVEL 'A CO..NcTIV ACTIONS.
50lD HOURS * SSEH IS NET COMATIBLE WITH TPHINETI N SCHEINULE St.C MST OF TEST INT ISPDER UNIT O AT THE LOIE LEVIELS OF ASSFMIL AT VAIOUS SUCINTRACTORS PLANTS WITH TED'

P' 
LITTLE TEST TIE SPENT AT TIE A'I... CIT1ACTIS P AT TIE . ASSAL ' -

+ 24 HRS + 24 HRS .38 TO58 HRS LINE. IN OTIES WORDS TESTI" IS DISPERSED AT VARIOS LOCATIONS MTICA EANS

THAT 11TEEI- CAN R SE -CD-ISCHEN RATTERI THAW EEOHEINTIAL.

T ESSEN HIS POACH ALSO RAES EACH MANUFACTURER TREOSIBLE FO ITS OWA UALITY LEVEL.

j 0 IT IS HOT UAHISUAL TO HAVE MHAT REPI.ACE
D 

ST 15SEN I TIOSE CASES WHERE PRAT IS

DELTA SCREENS C1 SCREENS. _ [UNITSC O .. CPATIE WITH PEUCTION SCHESO.ES.124 HR"rATCH" NsB="I IDOS . ..... . .. ,o...,, ...... ..... ......
24HsBTH- 12HOURS S ESSEN IS EVER HTOHE SCHEDULE ETFECTIVT THAW PEART AlS TOU CONSIDER Tot UEHHTIIE'

SA ADUE TO CORNECTIVE ACTIONS AT THE UNIT LEVEL OF ASSEWINLT. SIRCE ESSEA HAS L EAT;
S0 3 AXIS RANDOM TDETIFIED It ELIHINATED MOST 0r THE DEFECTS AT THE LOMR LEVELS TV ASSETL'.VIBRATION 20

PARTS NUMBERING EDUS. SYSTEM 'A" RESULTS MINIAXIS R AN ASD/APALJ/ESC AD MOC AOUP IS PRESENTLY WIA T PIECE A SPA ACE

RAMIFICATIONS 6 7% DEFECTS 0 5 TEMP CYCLES IssE. TH NOST LILL TCE WILL SO TI NCLUE TH DELTA scPEEs IS THE

BEING EXPLORED ELIMINATED 3D MIN DWELLS IL-STI SCREENS.

AT CB LEVEL 0 CONTINUOUS PERF
CHECKS

TRADITIONAL FAILURE DISTRIBUTIONS C C

DEVELOPMENT PRODUCTION COST PER EOUIP
TESTS TESTS SYSTEM "A" a IF WE FOLLOS TI TRAIL' OF TE FAILURE CATEGORY 'PIE CART!'

UNIT LEVELI UNIT LEVEL I  TEST COST/UNIT: $262 THROUGH TlE LES OF ASSE'_3LT. IT IS NOT DIFFICULT TO CCNCL.T
30% PART 80°'1 PART FIX COSTIDEFECT: S246 THAT SIGNIFICANT IHPRCVE HTS CN BE "Af IN ESSE BY IPROVIAC
FAILURES FAILURES E ELE:.TR NIC PIE E PART SCEENS. EE-,PEIALLT FOR ICROLECT;.SIC

4 DEVICES z DISCRETE SEHICSS:?CT$ES.

MORE COST EFFECTIVE APPROACH I FISOIN5 PARS DEFEOCT AT HI&EP LEVELS OF V - LY COST THE CO'TRACTIAZ L THE

CIRCUIT BOARD LEVEL TEST COST/CB: $069 A;; F'ICE M-RE "Y TIA4 NECESSARY TO ACHIEVE PR ,;R CSJCTI'ES.
60% PARTS FAILURES FIX COSTIDEFECT: $68 a ALSO. APLYING [SSH TO NULTCW; ".NTSEV -..R EEV ELWCHST 'E ST

WILL SItIFICANTLY RuE THE COST t SCOLL /~S5C c "EVE

TESTS. 11sC IT WILL PIOVIVE THE CESV'TRSR VITO AN ExE
T

LU /.5

MORE COST EFFECTIVE APPROACH T0 tPP2T 'TA4 XLOPNT OF A P5/oCTZN US:n

EFFECTIVE PARTS SCREENS TEST COST/PART: ?

FIX COST/DEFECT: ?

CONCEPTUAL APPROACH TO PARTS SCREENS C

P TI -'CIRCUIT HOARO
iSREES * AVIONICS S THERE SHLDt MARY DITCIEEHT APPROACHES TO ESSEH AH THESE APPOT E SNUA.C

CINSTEETLT CEAANGING. EASES ON MESR"RAT AID IN THE TSTWSD0jCT3% TV M- H-A
DESI GN APPRIACHES.

0 H 4 INTIS AU S 'WE FOLLOWING 2 T~s. I HILL HEVIEH ONE TV MARY POSSIBLE &APHIHES TO LAT'
PARIS SCRFENS AtCLUQ AT THE PARTS. CIRCAIT D EANS, AND LIT/TTST LEVELS Of ASSE-bLy.

* 20 THERMAL CYCLES, -4-*
TO * '0C,'C 23'Z FIIN, 5 1 7HE DISTH:NITIT

S 
IN THIS %G ARE BASED CS VARIOUS LITEAIUA( I3UAS. '"f T$S'ET?.

CATASTROPPHIC I OUT OF TLERANCE! 0IA DWELLS, 'OWER H TFF, BETWEEN *tATASTHAPHIC FA:LHHET' ASS 'HIJT-OH"3LEHA%Cl* TAILITEES IS 'TY-:AL

FAIUTIE FIUES CHECKT lORE AFTER TEST - OF PAPTt. AH SCT[ IS 'V H 1SS1I1ILIT'? OF TINITINi 1. COST 1E HART -1.1'! AT.. .I.
3 % 2 T7 NOTE PATS NUMEER ING -S: IF -T'ED PATS ARE tVNCh AWAY:. IT SEPlS THAT A TUSI!SS V-TE' I HiZRE:.

HAVl~llAIICNS BEING TO WIh:!: 'HI OLET AF PART REJECTS, ATCH !S ACCEPTABLE 'C ALL VAH' IT
TUELOPED

COMERCIALI 0 R ,t;UI , L MRALl HOWT PEHTS SCHETRY .AT 'AZ' L3'-. .- T ' AS . k

THROW MARKFT A I..D
1 

1*$, A ;AT4, "AAGENS17. A

TAWAYVIT. ADCWTCT THIS ANOMALY.
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CONCEPTUAL APPROACH TO CIRCUIT BOARD SCREENS (

(2)
f'ji 1 [ira OAR _

SCREEND AS ESS TE CIRCUIIT RUN1S AN AVIONICS CONTRACTOS ALSO NEED A '0 ICA.OOACTION' I Srk
PARS COATING TO EFFICIEYNT 0AWESS RANDOM LOTS Of 

B A D 
PMTS. wHICN OCCUR on AN IiF.fOutNY BASI

BARE a OTI11 IMPORAONT SCININ6 ACTIVITY IS TO c€CR TME OWE BO5ARDS FOR 00fNSiS*5TSBARE:A1* FOR INSULATION ESISTANCE 0(430 TIE 153D040 CIRCUITS. 00SO CtU I00 0N. AT li~.

BOAR AIE BOARD PERFORMANCE CHECKS EFOAE CECS SND.D BE ACCmpLISpaL AFTER
CHECKS l0015 05$0 - TO IIRIly OFECYS AAE(ATE: 50 S001. AS..'EI POCE$

4 .0T5 ESS -TO IE NTIFT DEFECTS SUACSD 10 555
* CHECK REJECTED PARTS (4) C0FO5RMAL COATING - TO IDENTIFY DEPECS SURFACED ST yISM TEN WIS".
* CONDUCT FAILURE ANALYSES IS) PROCESS CtONi0 COATIN IS A THIMAL SCREEN)

0 A CRITICAL PUT Of THE CS SCREENING PROCESS 1 0 CI CA TIE PERFORPKAE 0 THE "

NOTES INDIVIDUAL PARTS. AFTER ToES MATE BEES IDENTIFIED AS INEING DEFECTIVE D03130 TTENOTES C PERFORMANCE CECKS. PARTS IDENTIFIED AS DEFECTIVE AT TIE CIRCUIT BOARD LEVEL.
(13 DEVELOP "OUICK-REACTION" SYSTEM FOR INFREOUENT LOT tlc MRE LATER FOUND TO IfO 4WD AT THE PART LEVEL, CAN OUICKI.Y INCREASE SCREEING"PROBSLEMS COST iF TH|1 OtLY IS NT KIGIi6GTED AO CORRECTD. -
(21 ESS: 20 THERMAL CYCLES,-40 TO . 100C. 2T0CIMIN, IS MIN S PARTS IDENTIFIED AS DEFECTIVE AT THE CD A0D PT LEVEL SHOULD UNDERG0 EXTENSIVE

DWELLS, POWER OFF, CHECK PERF AFTER TEST FAILURE ANALYSES (MATERIAL LAS. ETC.) TO DETERMISS THE FAILUREL SODS. THIS ACTIVITv
13) ESS SUGGESTED PRIOR TO CONFORMAL COATING TO SIMPLIFY IS ESSTnTIAL TO PROLEM RSOLUTIO.. THIS ACTIVITY MAY BE THE ..E0,EST LINK IN TIEDEFECTIVE PART REMOVAL WHILE MAINTAINING COATING CONTRACTORS CS SCREEMI46 APPROACH. THIS CAANESS IS ALSO PELATED TO PE"[[ACL IE UP*TITINTEGRITY TO TOE PARTS ENDORS AND To THE LACK OF CONTRACTOR AREPEMT AM" CONIACTORS TO
(41 PAST ANOMALY: 50% OF REJECTED PARTS CHECKED OUT 'GOOD- D0E0S5 FAILURE ANALYSIS AND CORRECTIVE ACTION RESPOiSISILITICS. THIS EAOIESS ISAT PART LEVEL CHECKS REFLECTIVE OF COHTOACTORS REACTION TO MIL-STO OEA0IREEIEiTS NNICH ARE LIHITED TO GO/ 10
i) FAILURE ANALYSES IS CRITICAL TO PROBLEM SOLUTION. BUT IT IS SCIEENIIN CalTERIA.

SELDOM DONE ADEGUATELY IN A PRODUCTION ENVIRONMENT

CONCEPTUAL APPROACH TO UNIT/SYSTEM SCREENS o ITHE EXCEP71NOF TIE WNOa VIBRATION TESTS AT THE UNIT LEVEL C-
LSSY. THE UNIT a SYST SCREODS ARE PRIMARILY P.:ORIVmwCE CLty'

'ACCEPTANCE TEST POCEDURES
L-

- WHICH AE MOST MEP[CTIVE AT TIESE LEVELS OF ASSEMBLY.

2 A THE LEVEL. O FRFORMNCE CHECKS IS VERY IMONTMIT HERE. THIS IS WHY F l-
USYSTE AlPs SOU4LD BE PEROMD ETEEN STEPS AO TIE LEVEL OF PfERORmuAIEE E EW.

AoOREM Tit ESSN SHOULD BE RAMXIMIZED (EYTOS BIT) TO THE EXTENT WHIC IS

t PERFORMANCE CHECKS PRKTICAL.

a3 AXES OF 01*00 VIBRATION AnREQUEIRED SINCE V11BRATILR FAILURE NODES WRE

NOTES AXSDPNET
IT) UNIT ESS - 3 AXIS RANDOM VIBRATION, 20-00 HZ, .04G

2
1HZ, 20 MINI A ,4 G2/ IS CNSI. ERED A REASONABE LEVEL OF VIERATI7. O IS i !F PFA ,"..

AXISTHERMAL CYCLES, MAX CHAMBER TEMP RATES, MAX EFECTIVE THANI D.C262/NiZ (REi: ORM.", STUDY). ALT1J)If OIE E CIVIIC LIP
EDUIP. COOLING RATES, -40- TO . ?P1C CHAMBER TEMPS, PAD POXLE IS HITH T4IS LEVEL (FTAILS UNEOWN).
CONTINUOUS PERF CHECKS, 30 MIN DWELL TIMES, LAST
TWO CYCLES FAILURE FREE. a TOE -40C L|IIT WAS LECTED SINCE I-ANY P L TRC PARTS HILL "T 'START

12) SYSTEM ESS. TEMP CYCLING SAME AS UNIT BOO UP' AT .S5i0t. AND :1itS A SIUOF (11TCLIJ WPUA IsLIcATES THAT I, -4e' IALuE
(3) LEVEL OF PERFORMANCE CHECKS IS IMPORTANT. NEEDS TORE HILL EBEER TIE AR$ST CASE TEI VALUES FOR TS : THEED.

BETWEEN SIT & APT WITHIN PRACTICAL MEASUREMENTWIL'ONTHWRSCAEEMVLUSFROTOFTEOLD
CONSTRAINTS NEED DATA SYSTEM TO RELATE RESULTS AT ALL
LEVELS OF ASSEMBLY

L ...

SOW APPROACH
EVMRONMENTAL STRESS SCREENING OF ELECTRONIC HARDWARE

* OBJECTIVE

0 HARDWARE SCOPE

• AIRBORNE ELECTRONICS (NEW OR MAJOR MODSI S TIE KEY TO A CONTRACiUAL ESSEH APROACI IS TO PROYIE EXTENSIVE *LU*ARIIN"

* MICROELECTRONICS & SEMICONDUCTORS IE0EIREMIS IN THE FULL-SCAL DVELPENT IFSI) PHASE.

* FSO ACTIVITIES TO DEVELOP ESSEN a FROM A CITRACTUAL VIFWPOINI. AN FSD BASELIE HAS TX BE IPITTNh IN TIE 506
STUDIES TO GET ANlY tAIIIOFUI. ESSEN RESPOASE OUT OF TIE *EORPMATP CONTRA.Cc

VENDO INT(CONTRACTOR ENGINEERS AE NOT THE DECISION P ICERS). THE EXEPT ION It IH --
' -~ VENDOR INTERFACES

CASE. THOUGH. IS THAT TOE FsD BASEL.INE ESSEN IS NOT 4uST A DD-O O:*:,*RESULTS OF FSD TESTS i 2l
(FAILURE MODES) ACTIVITY. EXT RAINER. IT EN SIGIIFICAMrLY REDUCE TIE 2iVELS*-.ET tfST COSTS SAC

* EXPERIMENTS SCHEDULE IMPACTS BY ELMINATING PIECE PART A WOEKMNSHIP FAILURE: IN TE VV E

(EXPLORE ALTERNATIVES) APPLY TO HARDWARE FOR SCHEOU.rCD FOR THESE DEVELOF-,ET TESTS, TH(S. THE DE'Vt/LCFP T T!ST1 ILL 40' iAVE

* FSD BASELINE ESSEN o S ENVIRONMENTAL GUAL S15IFIFANT COST $ 'FED1ULE EN.ALTES TYPICALLY ASSWCIA WI-h PiS:. PART
(DEFINE IN SOW) I WOCPIANSHIP FAILURS'..•VIBRATION
PROPOSE PRODUCTION APPROACH(FOR PROCURING ACTIVITY APPROVAL) * TEMP!ALTITUDE v AT THE ID OF FED. THE CVITRACTOR V4OULf P9O1. A TT R, AT N F,

& PRODUCTION ESSEN ACTIVITIES * HUMIDITY PRC VJETION ESSEM. BASED C1 .ESSONS-LEARREC. FCA P L;I' -C -'EVIE% A..

APPRSOL.
* IMPLEMENT INITIAL PROCEDURES 0 TAF

* IMPLEMENT DATA SYSTEM 0 RELIABILITY QUAL

* REVISE PROCEDURES AS NECESSARY
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SUMMARY

o ESSEN IS EFFECTIVE

* TEST
SCOST SELF EXI'l UTOP

* SCHEDULE

**S-20eCOMIN TEMP RATES ARE CRITICAL

PIECE PARTS

" CIRCUIT BOARDS

." o FSO ESSEN ACTIVITIES ARE CRITICAL TO THE CONTRACTORS TO

* GAIN ESSEN EXPERIENCE NOTE: EXTENSIV ESSEN REFERENC MATERIAL CAN E OBTAJNED FIO THE:

REDUCE COST & SCHEDULE IMPACTSIOEVELOPMENT TESTS INSTITUTE OF EWIENTL SCIENCES

* ESSEN DATA TRACKING SYSTEMS ARE IMPORTANT TO 94 E. DRTIIS NOii

MT PROSPECT. IL 60056I
* PROVIDE -EARLY WARNING OF RANDOM LOT PROBLEMS (312) 255-1561

* INTEGRATE RESULTS AT VARIOUS LEVELS OF ASSEMBLY

MILITARY CHALLENGE TO INDUSTRY

-AVIONICS MUST DELIVER 2000-HOUR MTBF ACTIV 116

During the next break Dr. Joe Capitano
will tell us why ESS has been

DEFECTIVES MUST BE REMOVED AT-THE LOWEST effective for Gould, Inc.
PART LEVEL

* BUILT-IN TEST SHOULD BE LES THAN 1% OF * All avionics must be a 2000 hour system

ELECTRONIC PACKAGE * Inexpensive method: force fail parts
at lowest level of assemOly

.10% LOGISTIC SUPPORT CAN BEA REALITY if force tail parts at the lowest
level and manufacture quality products

then built-in-test need be only lo6t of .-
the package.

*200d8 hour mTBF Is a 4 year failure
free product so don't really need BIT
testing.

* lot logistics support is possible; If

services don't change their ways,
Gould may have to put defectives back

in so maintenance people can
stay proficient inrepair of the
equipment.

*" ANALYTICAL OUAUTY TOOLS

DEFECT ANALYSIS AND CORRECTIVE ACTIONS ELIMINATE
, FUTURE FAILURES

FOR EACH PROBLEM AREA. -TEST- OR ASSESS

TO DETERMINE AREA OF ORIGIN Self-explanatory.

#DESIGN -PARTSJMATERIAL ePEOPLE -PROCESS

FREQUENCY OF OCCURRENCE (ORDER OF MAGNITUDE)

PREVAILING ENVIRONMENT WHEN OCCURRENCE
WAS NOTED

ESTABLISH FAILURE MECHANISMS

DEVISE ESS TO PRECIPITATE FAILURES AT LOWEST LEVEL

PURGE SYSTEM OF SUSPECT PARTS. IMPLEMENT EST'.
TAKE CORRECTIVE ACTION

MONITOR SUCCESS AND FINE TUNE RESULT
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* Receive and Inspection testing is a
READINESS PHILOSOPHY farce.

it's expensive.
PARTS * Alitests are DC - only get AC

tests in the system.
S"CPL- ONLY MEANS THE SUPPLIER HAD THE FORMULA ONCE, * Doesn't precipitate failures.
IT DOESNTGUARANTEECONSISTENCY * Doesn'tdetect problems that exist

at the system level
*PROCESSCONTROLCAN'TBEMAINTAINED FOR DESIRED * IMPORTANT: Does give you agauge

MILITARY NEED to measure supplier by.
* Systems don't fail - parts do.

*ESS FOR KNOWN FAILURE MECHANISMS Weexpect the system tosurvive

SYSTEMS 10,000 hours, but we don't process the
parts for it.* Utilize ESSat the lowest level that

*DON'TFAIL, PARTSFAIL may far exceed the requirements of the
procurement specification for

-ALL USE PARTS FROM THE SAME SUPPLIERS components.
S Militaryspec is too benign to detect

SONLY FAIL WHEN THE DESIGN IS NOT FORGIVING problems.
* Unless you have a methodology of work

*NEEDESSFORKNOWNFAILUREMECHANISMS to force fail parts and precipitate
out the defects, you'll always end up
with somebody else's rejects.

I

I

READINESS PHILOSOPHY (Cont.)
RELIABILITY

" SYSTEM REOUIREMENTS, ARE MORE STRINGENT THENCOMPONENT REOUIREMENTS .
* Reliability is strengthened because

* ESS FOR KNOWN FAILURE MECHANISMS parts don't fail - only failures are
system nonconformities.

ANALYZE DEFECTVES f r. analyze, first rule appZlies: all

-ALLOFTHEKNOWLEDGEOFWHATISWRONGWITHA of the knowledge of what's wrong with
SYSTEM IS IN ITS DEFECTIVES a system is in your defectives.* Assess your defectives

* CORRECT FOR DEFECTIVES AND YOU EVOLVE A *Understand the envi ronmentin
PERFECT SYSTEM which the parts operateI

* Devise a methodology to force fail
- ENSURE CORRECTIVE ACTION THROUGH FEEDBACK SYSTEMS parts

. Part specifications, as they exist W
* DEVISE ESS FOR FAILURE MECHANISMS today, willnot give you what you

ASSESSALL STEPS need for the aircraft environment.

-PEOPLE PROCESS PARTS/MATERIAL DESIGN

QUALITY IS A STATE OF MIND THAT CAN BE MANAGED
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VERIFY PRODUCT

0 VERIFICATION THAT REQUIREMENTS ARE MET
QUALIFICATION ACTIV 117

ANALYSIS Finally, we want to be sure that the
TEST finished product meets the require-

-MEASUREMENT OF ENVIRONMENT b nlssado et-: ~~~UPDATETHEODESIGN LFETIME IN FLIGHT b nlssado et

~ FLHT LINE

ACTrIV #17
Now, Dr.I Alan Burkhart will discuss M I E
CEAT, Combined Environment Reliability
Test .

NVIROMMEfT

I3ELlABILITY
'VEST

OVERVIEW

aBACKGROUND

eCERT EIVALUATION PROGRAM

aTECHNICAL CONSIDERATIONS TO CONSTRUCTING A CERT
PROGRAM

rkt 4 etio PZt fl.4 oveA the 4ofttowing key conceptA:

2. A &wwwm.y ad 49 e.Ateie ROD oqam to vatidAte the concept.

3. OwetoiaUo 04 the teehi.ca aiatiqaeA and enitt-,4A9 dtr.idi a .Keea"aaay to deud~p
a CERT te o fo~4.

4. Ek"aPte& oj tecent o't cimAit 4QUiAitjon j4C944r 1oi toq imuA*&h have uLLized
CERT.
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7. S

CERT MISCONCEPTIONS
*CERT IS NOT A SPECIFIC

*sim cum im

8eioat dic~a&4Aq what CERT ia it iu impwiktant to iu~t canmdy "hatit i 4. not. Cen~ta-in
sicoccept.iolu cometiiV CERT o~teAn hee to be teated A 44ct&. Thene si e-4cetZiOnA have not
been d ttatety petpettated by any)4 4pei4c in4vdtt 04t o~ganizalim. Plathet iepita.te

CERT .iA noted a6ea. teht 0k44tt 04L aqt oJ en oJWtL 4tkuell, AlACh && adfoltiC,
thanmat and kunit~ty. CER i4 not Ut"t to an "o44iiaa" hAtna axlpifau 0A4 htftU& combinatiou.
CERT i Rat a &peLcir type o4 te~t chambeA 0IL 4 &PC...U teat dddtZAi YAt 40019 LOCAV.t~

REAUSTIC TESTING
" ENGINEERING APPROACH TO TESTING

" TAILOR TEST CONDITIONS
" APPLICAIMD
" TEST OBWT
" EQUIPMENT DESIGNi
" CUST EFFECTIVENESS

" APPROACH GIVEN ACRONYM "CERT"
CONTYEE ENVRONMEN REUAILPT TEST

CERT i& any taboultoity tu~t do04 IundvAan .4eLibit.y. LJ4 iMproVent 04 thaeCtei~Zationo
i.n wEich envilomnta~t .tteAau antiatpated i actuoat ohA49 ane coinbioed and apptied &iAameoma4y
to the test handwAae in a 4equence kohiAh 46iAltatu the a4age 4icemakios. The teAt conditions RUst

be taitorcd to dit the ptantned apptication, te~t objectives. 4enitiviUie& od the hgedug4e desi0n
aL to be coat eddectie.-

*Such data can be used as .Lnput 5oA atiaat e4 ol pfetiomdL teadina4* mL&&ijos Success * uintenanAt
innpowe and toAAtic ituppott casits.

-f-z

i. 
4t.-

U1 PRESENTEIOBy

09. ALAN UNKAI
FLIGHT DYNAMICS LABORATORY

rht LE~R Evtation P'tog'tA MU joint Aenondaiftia SVatemsA Dvi.iOK (ASS) and AA FoAae
11,Lht Afonauts4cat Lazbonatoea, Ftight VtynamA.Cs Labok.atow~ (AFWAL/F1EE) pnoqav to eva~uate the
t, igrnat and Cost ecEtivqe4e o6 Combinted Envicoruuent Rd~ibiti.ty Test (CERT).
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BACKGROUND

" CONCEIVED BY AFWALtFIEE EARLY 1970's
" JOINT ASOIAFWALIPRAM CERT EVALUATION PROGRAM

(NOV 1975 -DEC 1981)
*DEVELOPED DATA BA4E
COST EOVECTIVERESS slugIs

*DEMONSTRATED PRODUCTIMl
WRTlE MUTARY TEST STANRD

* INTERIM TEST STANDARD - MIL-STO-781C 1977
" DOD - INDUSTRY CERT WOrKSHOP JUNE 1981
" AFSCIAL CERT POLICY LETTER 20 JULY 1982
" ASOICC CERT POLICY LETTER 28 SEPTEMBER 1982
" FINAL TEST STANDARDS SEPTEMBER 1982
" AIR 800-18 & AFSC 800-18 JANUARY 1983

The CERT conc~ept I4A contceived to attack tkent p~oobtblA. A jot" AewupalltUAl Sytem
PjiiAio IASVI Wi A"~ Foace mighkt Aunawtial LaboxaIo,.4 (AFUAL) CERt Evatuationi Pftume
conducted adtea imigial taboAamto'ty R6V dempAetu2Ition of the concept ont a 5adaa Ajsham.

The CERT Evetuativis togAam ame tchnicatt data g.uow mihick edleotivemte&n 4"Aflt enamfn the
technique wat aide. Thene anne~amentA kenutted in AFR 100-18 and AFSC 100-18 pol'icy ittnt".

CERT EVALUATION PROGRAM

"ACCOMPLISHED
( VAMUTED 3 LEVELS OF TEST REAM

* ESOPAREB TEST TO REElO fPE)HuICE
*PERFORMED TECNNCA ASIC COST EFFECIVENESS ASSEIETIT

" DEVELOPEO DATA BASE OF CERT EXPERIENCE
*24.153 TEST HOURS
*200 FAILURES
80A DIFFERENT UNITS I SYSTEMS

*BROAD SPECTRUM OF WaVSiS EaU;PmEmTSlIAC MMMAII04
(F-15. A-10. P-5. A-?. P-ITl. PB-Ill. P-5j

Th ETEautnPou "4m~~ ~ott vtit the ediect4eenaofCERr to
i4e.mti6v dita 144te modeA. ThU( qAn accomptiad by 6etec."n eLOA~y intdad &yAaan,
co..ductinq CERT teca, compaxling tent to 6itUJ 6aifuae modeA Wid deVetopi~f A .en&Q 06
co~et~ttion. The data bane gengazted in 6hoivm 0o1 *11- clta4t.

SCUeE

COMPARE EFFECTIVENESS OF THREE LEVWl OF TEST
REALISM

-ENT I FULL EMMMNEPNO APPMRO

ENT I CERT I VATHOIIT ALTI11uDE

cm aE l TABULAR TEST MEE (MR-StO.78C

The CERI£ luuJAio pitogu compaud thtee ttvd.A O4 tent &CAA. The apP~toack 4i~v the
tobet, CERT 1, %neA aC sFA appwCli i tujso O6 MeLAd &t &Ad Coupptes x4ia
CETr 11 vAL the "w I 1 exep n W tude, iesnkwle, vuaAtoaA ocus.ed in the tent.
Thu. addtAenn4 CL 1,teACtAA CeC ac.-iW4fl roAt SAuUL96 Chat WoUd be avsAi*bta i-( AM44Cde 64i-
tat.1ga fluetgqsa4Ae4. CERT III uned the CthA t"aC Ct evet ia MEL.SrID-711C Appelld4A S.
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CERfTPROuRIAMA(MTBF)

w am momli £4U 108 M I - .I 145

ofl V-15 P1 1 741 15 4 15 S

IN AF-10 F-15 782 95 252 604 273

Ike4u4.LI o th COT uiua~n 1*C~C AD.1454 A-111 711 279 72 114 1
AN. mill $7 214 72411 111M4h IVa~

The A1L..STD-7113 MIOF i424su 6aom on t4~ cJI£t et not 9geAUti Le U 114* tk PW"~i. Thse
e e l o&(iim NMF v4au fl~t nnee dithA demonateated on the A.CAed Uqw~awttA u* these

eq(L441Rate 'nAt FIMcUtd. Th44t viZ&St att .cdtd IOA 49tU&44. plAW4e UeIaA44:AV that the
dapinAtom aj &02Lt.e may have been diideten Soot IkeAe Ctot. The j4U AM1S uteA ame the
4A" AFM 64-1 det 4oit the Adue Usne 14we a6 4,en the CENT teatA woe conducted on thmt tqaipmozC
4Vyttm. The de6jmiioo aj jaibaz u"ed (it CENT m&a the amt ae that td by And 66-1.

90fa CONFIDENICE BAUDS ON' TEST-TO-FIELO MTBF RATIOS -

VaA diMU AwmftZ4:zthei daft ihowi on the. pQUWU6& C)164 is1 tW11 aj c09It4de4£C kniE
OR nAenAM0iud WMF. iiati4:o WAC to fiel MUaieA. Ta t.'ie4 *At Vi"M~a (1) au tee.
CERT teu-c Idtgu 4 LO11c tte to jetadMF 4024:0 than ptev~ouaty luetd testing, . 4 ot- bOlUNU
"ated NMF ValUes aW 1) a the testo btCQmt NO&e fAVeitmuMA*LU U t. 44A t~ tli. Coien~c4te
badA become m641ositA. The d j4A P tiA and aCh" deC* t94ted du&nCm tht CEffT Evaetueir CeRI
Ptogu.m 4A Aumwmie on ten£e So"~ rhat-

611 .2 30.5 0 3

FIR7 fATBF

FINDINGS FROM CERT EVALUATION PROGRAM

o ALL CERT FAILURES-FIELD RELEVANT

a IMPROVED CONSISTENCY OF ESTIMATED FIELD FAILURE
RATE FROM TEST DATA

4 t4 10 IPM EN CM~ OV ftWM140 MElONS

Flhe ej'eMCt4 uAC 04 COOT C9-4"n -eAa undt On JOwt CUJJCAu-t 646"tt COU4eLCign Oj (adua
md"andA~U bWf CET Ad 6ittd. te COAt Oj dai~r4 CERT teU%~i " campaked to CAt a~

vethnaoaoacput, 4onat44eo4: S&U ."th i duet m 4 P04U~. rhat

qui ty Th~n (ag a tha~t jae4&un tha Occaed %epeAtt ekefa hh u om".f
m&g. Soun that' at ERTidue 4ML'te wodeA occwt in 6~4A~ant quant(g d&&44 daptoymegt,

The cIor AppeedOCk to tIeuU0 yei4M4 'lOKnAttt ti~t4t Od ded 6aituee 4&W int
the AM78 vhtuu 9044 Amii-t4 IE4Cae J4cod expeuence. AddionsU#'t409 mishe OS'w6 tUt Aeuu to
u£4ac a &"~.(AUU, 4.i.02diat de~tcoon point iA 14 4mceA Ct teet -(tm Je(L6 4t d mmec
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FINDINGS FROM CERT EVALUATION PROGRAM

*COMBINED VERSUS SINGLE ENVIRONMENT TESTING
gow IDN~ismGFICA nT FILURES UUETDETI By SMN&
EwwvNIT liSTIN6

*NEED FOR ALTITUDE
*JUSIFY ON CASE BY CUSE BASIS

AUt t euiisa ued -in the CERT Evatuation ftogeAm had Fn~*ckou&aty uidaegot conventionat
6a~itgte jvw4omatt tutiut duk.~nq thtiA 4 aiiL dC4U4i4itWoh P094=6. ike eeoaut*.a @6 thea igett
envAAO'Ut teatute IxA compian to the Jteautth o6 the CERT tetuAq It maa Sound that Aeven majoA
tiaU d&ua aodu vAte detected by CERT which wAtt not detectedbg a.Lagt eAweeom~ejst UteaCmg. AfU.

aiacmod". Sound duaiiig ainte envu0tent teutng that oAtt not comeected w&t e ta ie,,tiji
CWteatig.

The tut ,tea~ufA Sound that aWitde. Mpuotue vata.eoa dueing CENTr baa not necuaade except
dolt 6AytemA With 0kv10" Atfiat~gitit to FleeAAwee Chnngea h~.igh vottage., vao eatad
aettio, etc. ThtAtiote. a dciAion "s to the need 6oe titd ckange Aieta.Cion atedd to be done
on a cue by cut b4AM.

FINDINGS FROM CERT EVALUATION PROGRAM

CERT CSEFFLTBES

AVERAIE RM SIBWUM 2.4 VEM

* TEST ENMIDE CMII CONPEIIW 9*2581

- TEST OPERAION II 

on a Lide Cqcte Coat (LCC) ba"i goit the equsiwest& teated in the CENT Evatudtion IWeOgn

i~t Una Sound that i4 CERT noutd have been use4 &"uin the oasginaL aa*U.L&ition od theae tq-o-~eta
the avtqAgL jctoe on uowutamet woutd have been uwitht6e to 6ouc yea" aitec depeopent. Th"~
coat Nina e donue by ~the oeigjinat equipunt aauichtaACA M*1o gvalted the Coht& 06 UAifig & MONA

tijective tesatt id, e.g., wule iaituee, doing 6a1Ln-e M944Aja. dc~i9A change., potoduation

BeC#Aue the ew4gudAouWt AtW40A OAC combinetd, uLp to Aix 4uAAt4L Jungle sviaoment teats

can he Aeeptaced by one CERT tu~t. Thi napi-utatea mAKY I)ottiWCot aevueg& avaitAbhe to dR

acqw~itioa pnogum oidie. e.g., gesAue tfAt iteM. to puacMase. SUMe eteetra teAt *leUPa. one

teat &equestce inatead o6 &ix, etc. The coat 06 tuat chambee anW OPeuion one not acgiucantty
didjaaat than conventiOnAL tfsting.

APPLICATIONS OF CERT

*RELIABILITY DEMONSTRTION

*REUIABILITY GROWTH
*TUT.ANALY11 PR

*ENVIRONMENTAL OUALIFICATION

*FLIGHT I OPERATIONAL SUPPORT

*PRODUCTION VERIFICATION

Rleitetin uspol Wh definition aj CENT one cAn &cc baW CENT JA a$0WplALt 10n ALL tw4Ageuent~a

heaed t#atui. This chant Uat& aaveWa &uch c#te an ot ah CENT tat candtU404 ate APPcoPiite.
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USES OF CERT IN ACQUISITION PROCESS

* EVALUATE COMPETITIVE DESIGN
*AIDS SOURCE SEECTIN OER
SHEAD TO READ F, OFS-

* VERIFY CONTRACT COMPLIANCE

* COMPREHENSIVE GROWTH TESTING
STIMULATES GROWTH UNDER TOTAL DEP.OYMENT STRESS
ENW019wifT

* EVALUATE ECP PROPOSALS

* FLIGHT TEST SUPPORT
* ENIRONMENTAL WORThINESS

- TheseA me. c potentiat benefitA ad u4ing CERT te.t Conitions in acqmUAiaUo CftZ0LruetAt
mlbued tutimO. kc& poiAt vAW be diacuajed in dettit ovA the nuet Jew clgat.

BENEFITS OF CERT IN ACQUISITION PROCESS

* REALISTIC REQUIREMENTS

e ACCELERATE ACQUISITION CYCLE

* IMPROVE PRODUCTIVITY OF FLIGHT TESTING

9 REDUCE ENVIRONMENTAL I RELIABILITY TEST COSTS

9 IMPROVE LOGISTIC SUPPORTABILITY

CERT inn/hAA been used to accomPiAh tie.#A objeJive WiUK4n the dtacqiti W PtM . The
bceejLA 06 6ur-h testing *aa be outtCimed 4:m the nett Jewe Cbe4A.

REAUSTIC REQUIREMENTS

* ENGINEER TESTS
* REDUCE mIUg RE OUIREMENITS

. REDUCE COST DRIERS

* MODERATE STATED OPERATIONAL REQUIREMENTS
SAS FOR I INSTEADOF la To OE X

* EQUIPMENT STANDARDIZATION
*STANDARDIZATION ON DESIGN
* TAILOR REQUIREMENTS

FOR EXAMPLE: ANIARN-XYZ REQUIREMENTS

S.. Li. M. "."-.

C 130 1050
9-1 425

-. 8-52 2000
UN40 25

Ljq4mr&m &We %".4& s thmn te Wope pWn qaatg cam& be wsed t&Aeqa
thn ou t h & o6k# *~ du~n hih tt" pintU wR~fl nt mecass"n. Usdwja nh

g0~trb I~~cmco, indepotad4 t ;t4. Stamden4Lz&iMm b td k on
pwodAst dts eu wgu.~ that ttveL 06 ld,4in4 i And Lo9f.stidA pawan eU4"aRtA& Set A
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ACCELERATE ACQUISITION CYCLE

9 ONE TEST IN PLACE OF UP TO 6 TESTS
- ONLY oE TEST SET-UP
- FEWER TEST ITEMS NEEDED

• ACCUMULATE MONTHS OF OPERATION UNDER DEPLOYMENT '
STRESSES IN ONLY WEEKS OF TESTING

" CONCURRENT DEVELOPMENT AND PRDOUCETl
" LEAD THE INVENTORY (FLEET)

FIND PROBLEMS IN LAB BEFORE FELO

* TEST CONFIDENCE BUILDS FASTERb,4X

CERT can nAd-e pAgAw ,cke,dute tim a cated to teA.ti, Ac up.t Uo teit, um be
teptAced by ont CET teuAt. CERT can help to accet a.te accete mted developme pkogAmm whith u . -a

Io eetl deveteopitent a podctin. One qu4et y4em cam be p ndex CERT t&eAt, and w.Lthik

I"L coAAectivet actiou to be developed begolte the deptayt &y~temm Mtt to Lait.

IMPROVE PRODUCTIVITY OF FLIGAT TESTING

" ELIMINATE ABORTED MISSIONS CAUSED BY
ENVIRONMENTAL STRESSES

.IDENTIFY ENVIRONMENT SEHS2TMTES
BSCRE FLIGHT TESING
USE SAME ITEM FOR BOTH CENT AND FUGHT TEST -

* SWAP AMONG LA JNo FLIGHT TEST TO TRACK DOWN
PERFORMANCE PROBLM DURING RIGHT TESTING

" CERT<<COST OF FLIGHT TESTING
* < 1oco To ONE RETURN R INVESTMENT

A wr4jOC ontfiutO to unptoduetive 6ti.Aht tut4,, 4f nnCic4vwe ia.&&e o the equ4-met
unidek Ct.~t A 4ho"Lt CENT te~t be6049 dght tftA" cant Adk dovi, the tu~t iLtem to tepowe
e-gAomooen tA.MU be~oae, they abAt teAt itokcet. At~ang gtit taM ant abnaAt beviov~
nay be oaiened ond the tM i~thm can be taNMA out o6 6LigAt tcet~mg and cheahed widen canotte4t
CENT condata. *since CENT conditioan&o 4A awt. thdkt ae no te~t Mni~iue 6tAtAN itat
w4cd on the test iteiA., Thw& the tul iteft can be ancPPud bebjw1,4 Labonatoty d Eif-gt teM4".
Akjet coAt 4av4iny can be WUZA iudane CENT tea.Ein 4& 4ignijicaaty Zu-4 co-ally than dliht tetun
an a pea te~t ham& b"44,

U REDUCE ENVIRONMENTAL I RELIABILITY TEST
COSTS

*ONE TEST IN PLACE OF SEPARATE
VIBRATION ALTITUSE
THERMAL ELECRICAL VARIATIONS
IPJMIUIT RELIABIUtY DEMONSTRATON

COULIN AIR LOW

*EXAMPLE OF POTENTIAL COST SAVINGS
CELE 7 SEPARATE ENVIRONMENIT TESTS $195.000
DELTE RELIABILITY DEMONSTRATION TEST $50.000
REPUE WINH SINGLE CENT GROWTH TEST 230.000

COST SAVIINGS $16.5400

MAi co~t 44v4M9A m&d the Advi"&~ a&ized by Ct potog~Am o664ce mlhjch developed the
ANIfARi.131, OMEGA. Mzvigationt 311,tain
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IMPROVE LOGISTIC SUPPORTABILITY

L REDUCE FALSE REMOVAL RATE
- IDENTIFIES VOLATILE MALFUNCTIONS TRIGGERED BY SPECIFIC

STRESS COMBINATIONS I STATES
* 26% OF OCS ARE ENVIRONMENTALLY INOUCED

APPROPRIATE FOR REPAIR PROCESS

* IMPROVED ESTIMATES OF FIELD RELIABILITY FROM TEST
DATA

• MORE ACCURATE LOGISTIC PLANNING

N NUMBER OF SPARES
* WHAT TO SPARE

* EVALUATE EFFECTIVENESS OF ELECTRONIC SUPPORT
EQUIPMENT

A majM4 causa0 high 109gut&eA C04,6 La the high 4OAC~ 4900Ot 4tf ad WAmi dVLifti4AA y~tea.
eA dloled attid - 9h becmh Checked AetviteebLe IBCSI maintennce aactiona dound that 161 o6 SCS

w~eea&w e ainduced. ThiLA jA the envieonment onitge tunwCtion& undee 4 4peci4ic Act o4
eiurnt AeA" nd once thet Atwa eA t 'cgoved JunW44wction goes anny. A CERT teat

itip the equitpaent Ln the f~boAatotuj &o that indtigA* ad e4*eIL dfight nuincemance and cheeckiout
ptoceduaU can be eva.uted do,% theiA tijectiveneAs.

EMPHASIS ON TAILORING

I...

HAVE TO BE AN INFORMED AVOCATE
- WEAPONS OF AVOCACY

- HOMEWORK DONE

* PUT YOURSLF IN THEIR SHOES

*KNOW COST VERSUS BENEHIS

EiAective CERT test ptamtinq tequdeu the teat enginee to eonaidea both technicaL old
management 6actoua to coA attuc~t the most appiate, CERT teat ptocgttu.

CHANGING ACQUISITION ENVIRONMENT

TAILORING OF REQUIREMENTS

* NO SACRED COWS

s NO PREORDAINED COMBINATIONS OF ENVIRONMENTS

* REFLECTED IN MIL-STO-781C AND MIL-STO-8100

ThVe CEnT teAting app~oach is being 'teitected thmoughout the encie Dog tJWLAiun'UtjAy baaed
t""ia adittay 4tAndand documenta. Tet documentA auggest and give taft doA aetedtion a'

le a comubination 06 e Avionmueat. The te~t p(ArwAA make the jiift, dzteAainAdti~o. Crw
604"I -ia A Fl~t att~f Wiatd equipment antd e t 4 ~C4iA& t A OA& aeeeat A41thod&

$20 and sf3 o04 ML-$1-I e.,speA tvety. Re.i.bi.t. demoui, n Cet intceea,,U o , y
taetxad eteat a a a~ai inatuded in AiTIL*STV-1s
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WHAT GUIDES ARE AVAILABLE

* MIL-STD-785

a MIL-STD-781

* MIL-STO-810

AF PHAMPLET 800"9

DATA ITEMS

ThfAe dOCujwitAU POILVi44 gUi*danc On t~oiti)tn. TLJA anbe done.t wn dUtEAM LEMEL
1i..(U an acquA4LLOn p.9 ,guw, e.g. eLct.on 06 app, = u.te t, tO be O. ed,, d#. g4 R and

tejL condit&on~i a, Iwtd. dea 4 ,i EA 6e&.iMtitA, etc.

*. DATA ITEMS

ENVIRONMENTAL DEVELOPMENT " (COP) 014-7123
* ENVIRONMENTAL POFLIE REPORT (OR) 01-R7124
- EIRDANIENTAL CRITERIA & TESTING DOCUMENT (EDCTC) 01-1-7125

ENVIRONMENTAL TEST REPORT DI-R-7127

OPERATIONA ENVIRONMENT VERIFICATION REPORT (ORYR) 01-7126

EfTifRVFME11rAL CRIrERIA REPORT 41-1-7119U
REt!ABILnTY TEST PLAN 01-R7003

it.'RONMENTA. RELIABILITY REPORT 01-R-211

tk4.A chAt iA CA the appmopl..ate dtaU .LtVI 4va..At 6o4 p'topu~ty doe ffentlag a CERT teAt.
The a amed data Uema Ao oud be aed egAdt".A o the pu~poae O the teat PE oAAU, gtowvth, depon6utia m""

TRACK ENVIRONMENT

DURABILITY: ENOURANCE. LIFE

PREDICTION LAS TEST - ACTUAL USAGE - REVISED LIFE

. BUILD STATISTICAL DATA BASE .

9 RECORDING PROGRAM

INSTRUMENTATION OF SELECTED AIRCRAFT

AC 1 
TRANSIENTS

Now that the product is deployed we TEMPERATURE(INFLIGHTANDONGROUND)

need to record key data to see if the -VIBRATION

actual envlronlment i s what w e FLOW RATE

Originally assumed it to be and to ,,

determine how the equipment Is
surviving in the environment. " \

..o,
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AC'TV 1i, 2, 11, 20

Mr. Ken Morris is here to explain how
the 1o9istics organization can help in
improving our avionics systems.

* 040g 3E A TECHNIQUE TO !IlFtuEfiC ?mUSIOM HRDWARE DESIGN ARI DEWLY: A
SjPP RT CAPPILITY

t* LOGISTICS
* NAVY INITIATED WO.7

I a KIALI.V Va:s..t 17 SUPPORT

SAIR FORE INITIATIVE J78 ANALYSIS
I jOINT SEAVIWI:[,LU'Rv dOKrOP17 (LSA)
* .LELDVSNIP Afl'Z By CSHMR'ADU 19S0

* H.PITE inL-Sri 1381 (ANALYSIS Rt.u:RLVYNSI

I REVISE MIL-STO 1388-2 (LSAR)

I LS ILUTIFIED AS A PjNNTION OF SYSTEMS ENGINEERING (NIL-STD 499A) EXEINEERING

I SISTORILLY IASAGEFT PARTITIO4O 5ESIGN AND SUPPORT FUNCTIINS * ASSIXT&'ft TNHE DEVElSPTCI CF SUPPORTASBLE SYSTEPI SR

I LOGISY)CIAGS ASWf" PASSIVE ROLE UNTIL DESIGN WAS OWN EQUIPPIENT

I P-IAGHIZE THAT AN ITh,' S SUPPORT CHAAACERISTIC IS HEAVILY INFLUE CEI I CONTROLS TE PERM AND FuTITION OF THE SUPPORT PLANING
3v THE DESI ACTIVITY

PROCESS

PURPOSE

ESTABLISd W1HIR ENGITEERIIG THE TOOLS AU TECPIIQES FOR DEVELOPING
N LSA PROGRAM RESTRUCTURED O ESTABLISH A ROLE FOR THE LOGISTICIAN IN ThE SUPPCRTAIL SYSTE S A.11 [UIPPtNTS.

DES IGN PHUSES

I TASKS ORIENTED TEOAR HIGHLIGHTING SUPPORT AS A DSOIGN CONSIDERATION N EVFLIVENCIG DESIGN

* EARAf EMWHASIS ON SUPPORT PLANNG I 1%PPORT PLWAG

AVIP - LSA WIAYIONSIIP

* AVIOIC INTESRITY YOGaFA. ESTABLIS4EO TO FPOVIE THE FRA,-J WORK OF REQUIRED OIP IS.
ACTIVITIES TO IRPROVE AVAILABILITY AT RINIM LIFE CYCLE COST

I ESTABLIS UNITY OF PURPOSE IN ACHIEVING OVERALL PROGRI REQUIR["ENTS

L "GIOT:TC :.PORT ANALYSIS 'ROPERLY APPILD TAKES ON THE P010 OF AN ENGINEERING e PO.AE!LI TV CYPA TIE ARVSIT
- DS,IPLINE

-9IPAC1T10 flHILTWaAIT
* JPFLE1YATS ENGINVEERING REATINLVYSc:I

I ESTUAkL:dES INIUCO':E ENCILS oI~i OTHER ENGTAERIRG DISCIPLINES
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LOGISTICS SUPPORT ANALYSIS

LSA

-IDENTIFY LOGISTICS DESIGN
CONSTRAINTS & RISKS

-INFLUENCES THE DESIGN

-IDENTIFIES THE SUPPORT NEEDS

-INTEGRATES THE ILS EFFORT
I LOGISTICS SUPPORT AILSIS VARY DEPERING ON SESIGN ACTIVITY

EARLY PROGRA ACTIVITY LIMITED TO THOSE TASKS ASSOCIATED WITH IDENTIFYING
D.SI11 RELATED SUPPORT REUIREENTS

AS 0511 PROGRESS LOGISTICS SUPPORT ANALYSIS TASKS ASSOCIATED WITH DiELOPING
THE SUPPORT SYSTEM COME INTO PLAY

THE LSA TAS1K ASSOCIATED WITH THE ADVATED TACTICAL FIGHTER PROR EXEMPLIFY
THE EARLY ANALYTICAL ACTIVITY

I THE SAM TASKS HILL ALSC BE EVIDENT IN THE ADVANCED TACTICAL RADAR PRO5PSA4.
PAVE PILLAR. ICIA. |NE4. AN ASYVANC FIGHTER EN6IN

STRUCTURE OF STATEMENT OF WORK

I LSA TASKS PAT BE CXTRACTUALLY REGUIRED OR ACCMPISHED IN HOUSE0
MAIN oDol

*AT? PROGRAM LSA TAMY ARE CONTRACTUALLY REWIRED
00INNAL LSA DREICTION

NIEN ISA DIAECTION. INTERFACE RE2 REI E NS ARE INCLUDED In THE BASIC RFP
ANUSI M (ULGISTIS IVHCINlllliNGl M LOGISTICS E0NGIHE.R!' SECT1N !CORpwRATES ALL LOGISTICS REOIIEMIETS.

SiCTION I - LISA TASlIG SOM RIl REILL INCSAPAAED I LISA SECTIOi

SECTION 2 = AiIS OF CONCERN

SECTION 3 . tESSONS LEARNED

SECTION 4 - EMERGING TECHNOLOGY

U,. REQUIREMENTS (SECTION 11
MIL.STt.l3IA (NOV 81)

G04111,1 TASKS

- USE STUDY

* COMPAUA'IVA ANALYSIS

- TECHNOLOGICAL OPPOIMUMIIS

SOIJICTIVES, GOAU, T0IUISIHODS. EOxsRAIxnS AND IIJS.

- FUNCTIONAL iEQUIIEMENTS 10ENTIFICATION

*SUPPORT SYSTEM ALTERNATIVES
* IVALUATION Of ALTINNATIVISITIADi.OPi ANALIS I THE RAIN BODY OF THE AT? CONTAINS AEJNERAL. STATEINTS ON THE GOALS AND COJECTIVES

OF MHE LA REQUI1REMNTS

I PROVIDES INSIGHT INT3 THE IITElDEPEIDAICiES OF TASK 1IEUIREJI$S

I RELAIIOISIP OF LSA TO TOTAL ATF PRIIOGRAII OILECTIVES
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UA REQUIREMINTS

TASiS iTI SURASKS

201 usi[ MDT 21.2.1 2,1.2.2 261.2.4

203 COMPARATIVI ANALTSIS 203.2.1 TUI 203.2.9

204 TI.NIOGCAL OPPOITTUNITIES 204.2.1 FIU 204.2.3

301 A 302 FUNCTIONAL ROEUIRIMIANTS 301.2.1 301.2.2 301.2.3

IDENTIFICATION 301.2.S 301.2.4 302.2.1 THIU 302.2.6

303 EVALUATION Of ALTINATIVISI 303.2.1 THEI 303.3.11 (EXCLUOING

TIADE-OFF ANALYSIS 303.2.7)

CITAIIED IN THE ANNEX TO RFP Alf TIE SPECIFIC L.SA TASK REUIIRE ENT 203 DIGN OBJICIVIS. COALS. 205.2.1 THOU 205.2.4
TIHII LOS. CONSTUAINrS,

TASKS SnECTO ARE MtHE APPLICABLE TO CCEPT FOR LATIOI ACTIVITY 2ms

OLJI, E OF EACH TASK IS:

I USE STUOY - RSEEENCE MATERIAL TAF DRAFT SM, SYST lEADIRESS OBJECTIVES.
AIR FORE 2000. Al TAc MAITENANCE COINCEPT

I COMPARATIVE ANALYSIS * EXAMINE OPERATIONAL FI6TEAS TO IEEIITIPf PERFORMANICE
AN SUPPORT CHARACTERISTICS INCLUDING HIGH FAILURE
ITEM, MAIRL UANE EXPERIENCE. SKIL. LEVELS, COST
DuIVERS. ETC.

* TECH.NOLICA. OPPORTUNITIES - REVIC EXISTING OR EMERGING TECHNOLOGY FOR
POTENTIAL APF.ICATION TO ATF SYSTEM -

I FUICTIONIAL REUIIIMENTS * IDENTIFY BASIC S1YSTEM A SUPPORT SYSTEM FUICTIOIALREWIREENTS (E.G., PREFLIGHT, POSTFLIGHT. STOP.AGE

LECONIFIUATICIIS)

* 9YALUATION OF ALTERIKATIVCSITRAOE OFF AALYSIS - EVALUATE EACH AIRCRAFT AND
SUPPORT SYSTEJ ALTERTATIVE. IMPACT OF ALTERNIATIVE ING, OPERATIONS, AND
IAITEXAICE CONCEPT

I DE.SIGN OLIECTIVES. GOALS. THRESHOLDS, CONSTRAINTS. AND RISKS - PREPARE N
IJECTIVES, GOALS, THRESAOLDS, CONSTRAINTS., O RISE DOCUME1T. (IDENTIFY
KEY COST. SCHEDUJLE. PERFIAICS A)1D READINESS ORJETIVES AD THEIR IITACT
OF DESIGN A), SUPPORT CONCEPTS

AREAS OF CONCERN (SECTION 2)

SECTION 2 IDENTIFIED 1, AREAS OF CONCERN TAT DIRECTLY IMPACTE LOGISTICS.
THESE AREAS COVERED A WIDE HRME OF AREAS. (E.G., lIT, BATTLE DA AGE REPAIR, * 19 SPECIFIC AR

I
AS TO U1 INVESIGATED

STRUCTURAL MATERIAL. AND AUXILIARY POWER)
EXAMPES

TiHE CONTRACTOR MUST RESPOND TO THESE ISSUES. THEIR REPSITE T HILl E PART OF-
THRE PROPOSAL PACKAGE. *ITCAR IGS~l

ARE SELECTED ARE APPRIFRIATE COiCER R I0l111 TAO CONCEPT fO-RILATIOX PHASE. * AUTOMAT|D TICIl 0ODER STSTIM.

- ACCIiSIiTT

ElUIlEl REPONSE

LESSONS LEARNED (SECTION 3)

LESTUISS LED I NFORMATIVE DATA

- Ha ERSPONSI IREQUIRE
I LESSONS LLARRED EXTRACT:D FOR THE AMALT ZATA BANK ('sO INPUTS)

I CONTRACTOI NOT REOUIO TO RESPOND 
,-...-tU

- INSTRUIMINT tlGNTINO STITOM
I PURPOSE WAS TO PROVI:, INFCWPJ'A 12 TO TiHE CONTRACTOR ON THE AIR FORCE

PAST EPE.ENCFS WT AIR CRAFT * ILICTI1CAL STTIM 2
- [MERGE WATING IFIlCT111'".

- RIFUILING
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,. iIRGING TECHNOLOGY (SECTION 4)

PUtmOSI: INCOUIAGI APPLICATION Of ADVANC TECHNOLOGY
LABORATOR PROJ'CTS) I SECTIOiN OF THE ANMEX WAS TAIETED TO A USIN TilE TRANSFER OF NIE TECHNOO.GY

EXAMPLES: I IT 1S IMORTAT IN THAT TECHLOGY CONSIDERATIONS INCUDE NOT OLY THOSE APPUC E
TO NAWR BUT THOME TECHNOLOGAT UVMICENEXTS THAT CAN BE APPLIED to THE SUPPORT

" FIBE OPTICS SYSTE" °

" COMPOSITES

"D:IICTID ENERGY WIAPONS
" AUTOMATED TICN 02012l SYST1EM•"

* MULTIPtl INTEGRATEO POWlIS UNIT

CORL

I LOGISTICS DATA REWJIRED FOR DELIERYT LIFEITED TO TIE RESUL.TS 08 I.SA TASK 9 _

REQUIREMTS

I USE CONITRACTOR PU WID
I PROVIDE 1IPUT TO EXT PHASE

D1-.S30559 TECHNICAL OPfIATI|G ITEUIRKMEIT
SUPPORTABILITY ANALYSIS

DI-S-3S91A TECHNICAL R|PORT SuPPORTAiRA n. .

ANALYSIS

LSA PROCESS

t 0 HISTOICALLY LOGISTICIM FAILD TO USE EIRGINEEIN6 DATA FOR SUPPORT pEAININ"
• * L I • M TAT E l DATA DEVELOPED WITHIN ENGINEERING PROMS REFLECTS THE SUPPCRTASILITY

GOuINMEN Fmr sor= tlu CARACTERISTICS OF THE ENO ITE.jF I S A 'T A s T o1 0 O IN m r £ £ t [ . .[ ..
* THE LSAR IS AN APPROACH TO ITT'MATIN THE DATA AND liIN5 IT AVA:LABI 3

* w ~c~oT I A 0 FIEMu LOGISTICIANS
GEERATS ATA R • GOVOINBENT DATA

O163
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(TAACEABILIII VISIBILITY)

SISUN SPECIFICATION
STATE"I OF NEED A
91iSIff ILIENIT REED STAIVENLST

* NIL.- STU 162%A aI RECOD CONSTAINS DON) DOAEM ANDI CONT5MT5D DATA
NIL-N 2U66

M1 DATA TRACEABLE TO EINEEIN6 STANDAR (EXEPT SUPOT EaIPT
NIL-STU 470i C" -D,

IL- ST AiD I PRPL COSID ITAYIC D DSTII L ASI PROIS TAiAILITY BIEiA E WRATMAL -

M _____________ F SUPPORT PLANNING DATE

NIL-STO 4ASS A

* NIL-STD 1552

* T41I.-STI) 13D
RIL-STDO 136"-

FILL. CONINMTED viT.9lft ADLEIAISt - gO,.u Seuvctz -I,mustitv

LOGLOISTIC SUPOR ANALYSIS

I DATA COTAINED IN THE LAR POVIDES THAE IV TO SUPPORT PUAIN "-C" SS

I USED IN TRADE STUDES

DATA IST - INPUT

-". OP1ATaIN AND 11AINTENARNC 3EEWUIRMIT I PROVIDES DATA Ta PROACT DES MOST,
MINI1D gqUAvILMI (3) AND MAINTAINILII (0) CNAIACISTICS

Cl TA R ANALYSIS SUMMAt

*'D.. MAINTINANCI AND OPIRAT02 1TA5 ANAA.TSIS

"V SUMIOT AND TWl 12OUIPMDNT 01 TRAINING MATERIAL DICIIP.
T- N An JUSTIIAION

, r- I A-UTI DESCRIPTION AND JUSMTMN
'-i EVA LVATHO AiN STIMCIDO
"w SUPPLY SUPPORT RNUUMIWS

"V AUTOMATIC TiTING 1DOUIRIENTIT P I SET DOSIIPTION
* T mPONTASUTT 1111IINGI GLA NALCu IS

PROGRAM STATUS

NAECONIntegrity is the central theme of this
* MACCONyears' NAECON, *Operational Readinessthrough Electronicl ntKg ity". The

-FI Avionic Integrity Program's main

, DRAFT MIL-ST l UI' respOnsibility is to develop a draft
"€ AlIL-PRIME-Sm which will be reviewed

a at an Industrial forum later this
*INDUSTRIAL FORUM y ear. This NIL-PRIME will be applied

in the neat future to such programs
as the Advanced Tactical Fighter

*PROGRAM APPLICATIONS UNDER INVESTIGATION (ATF) , v arious laboratory programs,
and other avionics programs.

" * ADVANCED TACTICAL FIGHTER

*LABORATORY PROGRAMS

*OTHERS
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CONCLUSIONSJ
.IPROVED AVIONICS INTEGRITY

" APPROACH. DETERMINISTIC PHILOSOPHY

D URAILITY Avionics integrity is necessary for4
* COTRO SEIESO ACIVIIESimproved avionics availability and

SOTOL EIS FEACTIVITIES readiness. This integrity needs to be
*ESNTSTRES LSS obtained through a balance of

DESIG TO SRESStechnical and business tools. On the
*STRESS SCREENING technical side a more deterministic
*PROCESS approach is necessary and can obtained

* METHOD: DESIGN CRITERIJTOOLS through the control of the aeris of

MASTER PLAN activities we have listed here and

DESIGN REVIEWS through the management methods as
IMPLEMENTATION STRATEGY outlined by the AVIP. The contractual

strategies must thus be applied along
with the technical requirements. The
strategy implementation is the

AVIP BUSINESS responsibility of the ASO Assistant
DESGNCRITERIA CONTRACTS. INCENTIVES for Product Assurance, Dr. John

TESCHNICAL TOOLS a WARRANTIES Halpin.

GE WINS BAMfE IN JET 'W/AiR ~ L

MR. GEORGE H. WARD - GENERAL MANAGER OF MILITARY ENGINE
PROJECTS, EVENDALE. OHIO

"WE'VE NOT SACRIFICED DURABILITY FOR PERFORMANCE, WE'VE The Engine Structural Integrity
MADE DURASILITY AND RELIABILITY AND THE ABILITY FOR THE Program has achieved success and
PILOT TO MOVE THE THROTTLE NO. 1 ANO WE'VE TRADED influences engine acquisition at ASD
PERFORMANCE AND EVERYTHING ELSE FOR IT." as the recent GE contract in the

alternate engine program attests. The
Avionics integrity Program is to

"WE FELT THAT FOR THERE TO BE THE BASIS FOR COMPETITION, follow in this tradition.

IT HAD TO RESOLVE AROUND DURABILITY."

'DAYTON DAILY NEWS, SUNDAY, 4 MAR 84
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